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HIGHLIGHTS OF THE SECOND EASTERN FINE AND MEADOW VOLE SYMPOSIUM 
The Second Eastern  P ine and Meadow Vole Symposium met a t  B e l t s v i l l e ,  
Maryland, February 23-24, 1978, t o  d iscuss var ious  s o l u t i o n s  t o  t he  
se r i ous  damage caused by these rodents t o  f r u i t  t r e e s  i n  the  Eastern 
Un i ted  Sta tes .  F r u i t  growers, l o c a l ,  s t a t e ,  and federa l  research and 
ex tens ion  s p e c i a l i s t s  f rom many u n i v e r s i t i e s ,  Environmental P r o t e c t i o n  
Agency, U. S. Department o f  A g r i c u l t u r e ,  U. S. Department o f  I n t e r i o r ,  
and t h e  chemical i n d u s t r y  p a r t i c i p a t e d  i n  t h e  program. 
The purpose o f  the  second symposium was t o  focus a t t e n t i o n  on one 
of  t he  most se r i ous  c u l t u r a l  problems f a c i n g  the  f r u i t  i ndus t r y ,  t o  
s t i m u l a t e  research, and t o  seek funds f o r  a  n a t i o n a l  p i ne  vo le  damage 
c o n t r o l  program. A number o f  u n i v e r s i t i e s  repor ted t h e i r  work on v a r i -  
ous aspects o f  t he  problem; but  because o f  the  l ack  o f  fund ing,  t he  
scope and i n t e n s i t y  o f  coord inated research e f f o r t s  was f e l t  t o  be 
g r e a t l y  needed. 
The removal o f  Endr in  by New York S ta te  i n  1971 prov ided a  c l a s s i c  
example o f  se r i ous  farm losses caused by t he  i r r e s p o n s i b l e  removal o f  
a  minor use p e s t i c i d e  w i t h  no planned a l t e r n a t e  c o n t r o l  measure. Since 
the  Hudson Va l l ey  was on the  no r the rn  most border o f  the  p ine  vo le  range 
and because Endr in  was be ing used u n t i l  1970, o n l y  approximately 7  
orchards  i n v o l v i n g  600-700 acres were known t o  be i n fes ted .  By 1977 
the v o l e  had en larged i t s  range t o  30 orchards i n v o l v i n g  4,200 acres 
(Warren Smith, personal  communication). 
I n  t h e  cen te r  o f  t he  geographic range ( V i r g i n i a  and West V i r g i n i a )  
t he  problem had become most acute  i n  the  pe r i od  1965-1970 because 
Endr in  had been used on an annual bas i s  f o r  about 10 years and Endr in 
r e s i s t a n t  s t r a i n s  developed. Ten years have now passed s ince  the f i r s t  
r e s i s t a n t  s t r a i n s  were found. At  t h i s  t ime (1973) Endr in  res i s tance  
i s  widespread i n  t he  Cumberland-Shenandoah app le  reg ion.  Therefore,  
we expect t h a t  Endr in  w i l l  be o n l y  a  temporary c o n t r o l  agent f o r  the  
margin areas where Endr in  has had more l i m i t e d  usage on l ess  than an 
annual bas is .  S ta te  by s t a t e  l a b e l s  f o r  Chlorophacinone b a i t s  and 
ground sprays and Diphacinone b a i t s  a re  now the  o n l y  c l ea red  a l t e r n a -  
t i v e s  t o  Endr in .  Research on two promising new ant icoagu lants  B rod i f a -  
coum and Bromadiolone was repor ted.  
A n a t i o n a l l y  funded coord inated research program was discussed a t  
a  n i g h t  session. The USDl personnel presented a  1.3 m i l l i o n  d o l l a r  
"add-on" a p p r o p r i a t i o n  proposal  t o  t h e i r  budget designed f o r  both  
inhouse and c o n t r a c t  research. Th is  "add on" proposal  was approved i n  
e a r l y  May by the  l n t e r i o r  sub-committee. By e a r l y  June i t  had passed 
the  f u l l  committee on I n t e r i o r .  The House and Senate must y e t  ac t  on 
the  f u l l  I n t e r i o r  B i l l ,  bu t  i t  i s  no t  l i k e l y  the  p ine  vo le  research 
money would be a l t e r e d  a f t e r  approval  by t he  sub and f u l l  committees. 
I n  a d d i t i o n  soon a f t e r  t he  symposium, a  t e n t a t i v e  Nat iona l  Pine Vole 
Adv isory  Counci l  was appointed by a  number o f  S ta te  H o r t i c u l t u r e  
Soc ie t i es .  Th is  l i s t  o f  i n d i v i d u a l s  appear t o  have the knowledge and 
e x p e r t i s e  t o  a s s i s t  i n  t he  development of  a  coord inated balanced re -  
search program as federal  funding becomes ava i l ab le .  
Proceedings o f  t he  F i  r s t  Symposium ($3.00) and Second Symposium 
($7.00) p rov ide  t h e  most up- to-date  i n fo rma t i on  on p ine  and meadow v o l e  
c o n t r o l  research and should be o f  va lue t o  growers and research personnel 
a l i k e .  For Symposlum copies make checks payable t o  Dr. Ross E. Byers, 
and mai l  requests t o  D r .  Ross E. Byers, Associate Professor o f  H o r t i -  
c u l t u r e ,  VPI & S ta te  U n i v e r s i t y ,  Winchester F r u i t  Research Laboratory,  
2500 Va l l ey  Avenue, Winchester, VA 22601. 
PROGRESS REPORT TO THE SECOND PINE hlOUSE SYhlPOSIUM ON 
CONTROL MEASURES BY NEW YORK GROWERS 
S t e v e  C l a r k  
F r u i t  Grower 
M i l t o n ,  NY 12547  
I n  t h e  p a s t  y e a r ,  The P i n e  hlouse A c t i o n  Committee o f  t h e  
N o r t h  E a s t e r n  F r u i t  C o u n c i l ,  mounted a  s u c c e s s f u l  campaign 
t o  s e c u r e  a  s t a t e  l a b e l  f o r  e n d r i n .  T h i s  was a  t e m p o r a r y  
s t a t e  l a b e l  f o r  s p e c i a l  u s e  i n  p i n e  v o l e  i n f e s t e d  o r c h a r d s .  
Warren S m i t h ,  E x t e n s i o n  A g e n t ,  w i l l  e x p l a i n  i n  more d e t a i l  
how t h i s  was  d o n e  a n d  what  r e s t r i c t i o n s  w e r e  imposed .  To 
mos t  o f  y o u ,  t h i s  may n o t  seem l i k e  me made much p r o g r e s s ,  
b u t  t h i s  i s  t h e  f i r s t  t i m e  a  p e r s i s t a n t  c h e m i c a l  h a s  been  
r e t u r n e d  t o  t h e  a c t i v e  l ist.  We f e e l  t h e  e n d r i n  w i l l  g i v e  u s  
t h e  n e e d e d  v o l e  c o n t r o l  i n  o r c h a r d s  u n t i l  w e  c a n  mount a  
s e r i o u s  r e s e a r c h  e f f o r t  f o r  t h e  deve lopment  o f  a n  e c o n o m i c a l ,  
i n t e g r a t e d  c o n t r o l  p r o g r a m .  
The  m o t i v a t i o n  t o  r e q u e s t  a  s t a t e  l a b e l  f o r  e n d r i n  came 
f r o m  two a r e a s :  
F i r s t ,  f r o m  g r o w e r  comments a t  t h e  f i r s t  symposium i n  
W i n c h e s t e r ,  VA.  L a s t  y e a r ,  we came t o  t h e  c o n c l u s i o n  t h a t  
e n d r i n  was  t h e  o n l y  c u r r e n t l y  a v a i l a b l e  c o n t r o l  method i n  
w h i c h  t h e r e  was  a n y  c o n f i d e n c e .  New York g r o w e r s  were  t h e  
o n l y  o n e s  who h a d  a  s e r i o u s  v o l e  p r o b l e m  a n d  c o u l d  n o t  u s e  
e n d r i n  . 
Our s e c o n d  m o t i v a t i o n  came when t h e  snow c o v e r  m e l t e d  i n  
March o f  l a s t  y e a r .  Many g r o w e r s  d i s c o v e r e d  u n p r e c e n d e t e d  
damage l e v e l s  where  a l t e r n a t i v e  c o n t r o l  m e a s u r e s  had b e e n  
u s e d .  Most g r o w e r s  made t a r p a p e r  b a i t i n g  s t a t i o n s  and  
a p p l i e d  e i t h e r  R o z o l  o r  Kamik p e l l e t s  f o r  c o n t r o l .  A few o f  
t h e  w o r s t  o r c h a r d s  s u f f e r e d  c o m p l e t e  damage t o  60% o f  t h e  
t r e e s  w i t h  a n  a d d i t i o n a l  258-30% o f  t h e  t r e e s  b e i n g  p a r t i a l l y  
g i r d l e d .  The  c o n t i n u e  e f f a c a c y  o f  t h e s e  rflethods was i n  
s e r i o u s  d o u b t .  
Tlle P i n e  hlouse A c t i o n  Commit tee  t h e n  r e q u e s t e d  t h e  
B u r e a u  o f  P e s t i c i d e s  t o  make a  r i s k - b e n e f i t  a n a l y s i s  o f  t h e  
s i t u a t i o n  a s  a  b a s i s  f o r  i s s u i n g  a  s t a t e  l a b e l  f o r  e n d r i n .  
An o r c h a r d  t o u r  was c o n d u c t e d  a n d  b e c a u s e  o f  t h e  damage t h e y  
a g r e e d  t o  h o l d  a  p u b l i c  h e a r i n g  a n d  make a  d e c i s i o n  f o r  
g r a n t i n g  s t a t e  l a b e l  b a s e d  on  t h e  t e s t i m o n y .  A f t e r  two 
p u b l i c  h e a r i n g s ,  we d i d  r e c e i v e  a  s t r i c t ,  t e m p o r a r y  s t a t e  
l a b e l  f o r  e n d r i n  u s e .  
The g r o w e r  r e s p o n s e  t o  renewed u s e  o f  e n d r i n  was v e r y  
e n t h u s i a s t i c .  We f e l t  t h a t  e n d r i n  would  b e  e f f e c t i v e  
b e c a u s e  v o l e  p o p u l a t i o n s  h a d  n o t  b e e n  e x p o s e d  t o  i t  f o r  s o  
many y e a r s .  
The mos t  common method  o f  a p p l i c a t i o n  was by a i r - b l a s t  
s p r a y e r ,  a l t h o u g h  some g r o w e r s  d i d  u s e  p r e s s u r e  s p r a y e r s .  To 
make them more e f f e c t i v e ,  most a i r - b l a s t  s p r a y e r s  were 
mod i f i ed  w i t h  s h i e l d s t o  d i r e c t  t h e  a i r  t o  t h e  ground under  
t h e  d r i p  l i n e .  
Because o f  t h e  r e s t r i c t i v e  n a t u r e  of t h e  l a b e l ,  t h e r e  
were s e v e r a l  s t a t e  i n s p e c t o r s  i n  t h e  f i e l d  check ing  ap- 
p l i c a t o r s  t o  make s u r e  s a f e t y  p r o c e d u r e s  were b e i n g  
fo l lowed .  A l l  a p p l i c a t o r s  were r e q u i r e d  t o  wear r u b b e r  
s u i t s ,  b o o t s ,  g l o v e s ,  and f a c e  masks d u r i n g  a p p l i c a t i o n .  
The i n s p e c t o r s  d i d  s t o p  a  few growers  from s p r a y i n g  u n t i l  
t h e  a p p l i c a t o r  was wear ing  t h e  p r o t e c t i v e  equipment.  
Through C o r n e l l  U n i v e r s i t y ,  The P i n e  Mouse Ac t ion  
Committee i s  a l s o  s u b m i t t i n g  a  p r o p o s a l  f o r  r e s e a r c h  
fund ing  t o  t h e  U.S. Department of  I n t e r i o r .  We have had 
s u p p o r t  f o r  t h i s  p r o p o s a l  from s t a t e  i n d u s t r y  g r o u p s ,  a s  
w e l l  a s  some o f  o u r  n e i g h b o r i n g  s t a t e s  i n  t h e  N o r t h e a s t  
who a l s o  h a r b o r  v o l e  p o p u l a t i o n s .  
S e v e r a l  growers  a r e  a l s o  c o o p e r a t i n g  w i t h  J a y  McAninch, 
a  w i l d l i f e  b i o l o g i s t  w i t h  t h e  Cary Arboretum. Our aim 
is t o  r e c o r d  and e v a l u a t e  s e v e r a l  f a c t o r s  i n  t h e  o r c h a r d  
p i n e  v o l e  ecosys tem t o  de t e rmine  which of t h e s e  f a c t o r s  a r e  
s i g n i f i c a n t  t o  h igh  v o l e  p o p u l a t i o n s .  We w i l l  t h e n  t r y  
t o  m a n i p u l a t e  t h e  s i g n i f i c a n t  f a c t o r s  t o  d i s c o u r a g e  r e i n -  
f e s t a t i o n  i n  t h e  e n d r i n  e r a d i c a t e d  a r e a s .  We w i l l  a l s o  b e  
e v a l u a t i n g  d i f f e r e n t  mowing t e c h n i q u e s  and some d i f f e r e n t  
o r c h a r d  g r a s s  c o v e r s .  
These  growers  w i l l  a l s o  a t t e m p t  t o  encourage  p r e d a t o r  
s p e c i e s  such  a s  t h e  k e s t r e l  hawk and s h o r t  t a i l e d  w e a s e l s .  
Pe rch  s i t e s  w i l l  b e  p l a c e d  i n  t h e  o r c h a r d  w i t h  n e s t i n g  
boxes  a t t a c h e d  t o  encourage  t h e s e  hawks t o  u s e  t h e  o r c h a r d  
a s  a  home s i t e - - h u n t i n g  a r e a .  To induce  h i g h e r  p o p u l a t i o n s  
of s h o r t  t a i l e d  w e a s e l s ,  we w i l l  b e  b u i l d i n g  denning s i t e s  
a d j a c e n t  t o  t h e  o r c h a r d .  
W e  a r e  o p t i m i s t i c  t h a t  w i t h  adequa te  fund ing  from 
U.S.D.I .  and s e l e c t i o n  of  t a l e n t e d  r e s e a r c h e r s ,  we can 
deve lop  and t e s t  t h e o r i e s  l e a d i n g  t o  an i n t e g r a t e d  c o n t r o l  
program i n  3-5 y e a r s .  
A GROWER'S VIEW O F  VOLE CONTROL METHODS 
R .  N. B a r b e r  - A p p l e  G r o w e r  
R. N .  B a r b e r  O r c h a r d s  
W a y n e s v i l l e ,  N o r t h  C a r o l i n a  28786 
Barber Orchards has been an operating orchard since 1903. O u r  number 
one problem a s  f a r  a s  pes ts  a r e  concerned has been t m o s s  of t r ee s  due 
t o  mice -- pine and meadow vole. 
I n  the  20ts, 301~3, and hots, we consistently l o s t  from 300 t o  9 0  t r ee s  
per year, even though we were putt ing out  and using every known conven- 
t i ona l  bait s t a t i on  and bait known t o  the various s t a t e s  growing apples 
i n  a commercial way. We used poisoned oats, wheat, chufers, peanuts and 
apples which we placed in the runs and holes, a s  well a s  under one yard 
squares of tar paper, i n  glass containers and under sawmill slabs. 
I n  sp i t e  of a l l  our ac tua l  losses of dead trees,  we were using bridge 
graf t s  and approach graf t s  t o  a s  marly a s  2,000 t rees  per year t o  help 
cut our losses. We were using a l l  available labor t o  do this and often 
went a s  l a t e  a s  July doing this .  This damage t o  the root systems 
lowered our production a s  much a s  20 percent and increased our labor 
costs  by a similar  f i y r e  or  even higher; i n  addition t o  the  cost of 
buylng new t r ee s  t o  replace t rees  of a l l  ages, i n  most cases only 2 t o  
8 year old trees.  
We have written, received and followed the advice of comercia1 orchard- 
ists i n  every apple growing s ta te .  But, our mainstay has been the res- 
earch of Dr. Frank Horsfall of Virginia, who has prac t ica l ly  devoted his 
lifetime t o  perfecting the control of mice i n  orchards. 
A t  the present time, we a re  following a pract ice of a winter spray of 
Endrin, p lus  a spring and l a t e  sumner bait ing of poison grain. In other 
words, we are  not eliminating f i e l d  mice, only par t ly  controlling them. 
We still have damage t o  the root  system of our t r ee s  and lose some t r ee s  
each year. A complete eradication is, we fee l ,  impossible; b ~ t  a w  
control measure l e s s  than tha t  now practiced would i n  a matter of years 
destroy our orchards. 
North Carolina i s  now producing over 8 million bushels of apples per year 
i n  commercial orchards. It would be impossible f o r  North Carolina t o  
produce this volume without the control of mice. The production of this 
s t a t e  has gone up nearly 300 percent since Endrin became available a s  a 
control; it could not have been at tained otherwise. North Carolina now 
has t r ee s  i n  the ground and coming in to  production which wi l l  boost 
production t o  approximately 10 million bushels. To eliminate the poisoti- 
ing  of mice would s p e l l  the death knell  of the  apple industry i n  North 
Carolina and would r e su l t  i n  milllons of dollars  of loss  t o  commercial 
orchardists. It would a l so  cost so much t o  produce apples, the public 
could not buy them. 
To argue tha t  poisoning of mice i n  orchards kills wildl ife o r  i s  danger- 
ous i s  unrea l i s t ic  and unfounded. I l i v e  i n  a house surrounded by apple 
t r e e s  planted a s  close a s  30 f e e t  to my house. I have grown children 
and grandchildren who play under these trees.  This house was b u i l t  by 
my Father when I was four years old and I am now 71  and s t i l l  l iv ing  i n  
this house. There are 15 other houses i n  our orchards surrounded by 
apple trees. A s  many a s  5 generations have been raised i n  these houses. 
No child or  u i l d l i f e  has been poisoned. 
There a r e  no l e s s  than 20 species of birds t ha t  build t he i r  nests and 
r a i s e  t h e i r  young i n  our orchards. These include quail,  doves, cardinals, 
tohees, wrens, juncos, titmice, nuthatches, catbirds, mockingbirds, 
grackles, blue jays, bluebirds, sparrows, woodpeckers, f l i cke r s  t o  men- 
t i on  a few. Squirrels  a l so  r a i s e  t he i r  young WLtMn twenty f e e t  of ny 
house and a l l  species of birds frequent qy bird feeders during snows or  
when food i s  scarce. 
According t o  published s t a t i s t i c s ,  there a re  now greater numbers of most 
species of wi ld l i fe  i n  t he  United Sta tes  than when Columbus discovered 
America. There a r e  exceptions, of course: the car r ie r  pigeon, the condor, 
the whooping crane and the buffalo. This, i n  sp i t e  of a well-fed 220 
million people and with agr icul tura l  exports amounting t o  2h b i l l i on  
dol la rs  i n  1977. 
The f a c t s  are, the  United Sta tes  i s  now the breadbasket of the world due 
t o  the s c i en t i f i c  use of chemicals, f e r t i l i z e r s  and the control of des- 
t ruc t ive  pests. Every American farmer now produces food f o r  about 56 
people,marg. who know nothing of the  methods of producing and harvesting 
food. I read nearly every word of about lh agr icul tura l  publications i n  
order t o  s tay  abreast  of the  l a t e s t  s c i en t i f i c  production. 
I believe i n  the  preservation of wildl ife and l i ke  a l l  farmers and orch- 
a rd  people, I have given l i be ra l ly  t o  the National Wildlife Federation. 
In  fac t ,  I still have a ce r t i f i ca t e  presented from this organization. 
The farm population of the United Sta tes  and of North Carolina a r e  the 
greatest  protectors of wildl ife.  They have been i so la ted  by the methods 
employed by the so-called protectors who produce no food nor f i b re  and 
some would expect every farmer's property t o  be a game preserve f o r  t h e i r  
exploits. The sane people who seek t o  preserve wildl ife a r e  the same 
ones who would destroy it f o r  lack of food. The animals i n  our fo re s t s  
are dependent on the surplus of Sood, the  healthy fores ts  and grasses 
which a r e  controlled by people and chemicals. 
Pine mice and meadow mice a r e  rodents and pes ts  t o  a l l  people who prod- 
uce food. They a re  pes ts  of f a r  greater magnitude than r a t s  t ha t  can be 
caught i n  t raps  and can be poisoned. Any view t o  the contrary ~ L l l  only 
be voiced by people who have never produced food o r  t h e i r  jobs are  de- 
pendent on t h e i r  a rb i t ra ry  views. 
I have many birds and squirrels  a t  my home jus t  t o  say tha t  I love and 
protect  wildl ife a s  does every farner and I am one. 
A t  the  present, we have no proven substi tute f o r  Endrin. If production of 
food i s  t o  be maintained a t  our present volume and price, Endrin i s  our 
only solution u n t i l  a be t t e r  means of control i s  established and proven. 
We vill be only too happy t o  
b i T  ~ ; d L 0 ~ ~ , ~ 1 .  
8. N. Barber & Company 
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A GROWER'S EXPERIENCE IN PINE MICE CONTROL - 1 9 7 3  THROUGH 1 9 7 7  
P h i l i p  G l a i z e  
F r e d  L. G l a i z e  O r c h a r d s  
304 N .  Cameron S t . ,  W i n c h e s t e r ,  VA 22601 
By 1973 Endrin i n  Virginia was proving ineffective. Mice were 
resistant t o  Endrin i n  Most orchards. 
Dr. Horsfall had started work with Chlorophacione (C.P.N.) just 
prior t o  1973 and Virginia had cleared it fo r  elrperimental use. 
In  November we purchased a considerable amount of the first that 
was manufactured. 
The f i r s t  C.P.N. that  was applied a t  the reconmended rate of .2 lbs. 
per acre was very effective. The weather was fa i r ly  warm and according 
t o  our checks we had 90 percent control. 
Unfortunately, part of our C.P.N. separated due t o  a bad formula- 
t ion and we could not complete the job. 
In  1974, with new material we again sprayed, however, the weather 
was colder and I believe the mice were feeding further underground be- 
cause our control was only 60%. 
In  1975 we decided t o  disc and hand bait  using zinc phosphide with 
mixed results. 
In  1976 I decided t o  t r y  Bndrin again aPter a layoff of 4 or  5 
years. This turned out t o  be disastrous. We wasted a lot  of money, 
got no control, and had t o  spend the winter with a crew of women hand 
baiting with Rozol. The hand baiting, where done thoroughly,proved very 
effective. 
I n  1977 we t r ied spraying again with Chlorophacione i n  November. 
The weather was bad with a l o t  of rain. This could have been part of the 
reason for  our lack of control and only 65% effectiveness. 
We have been putting our shingles, one between each t ree  or eve!y 
other t r ee  and they have proven a very effective place t o  hand bait 
whereever we have runs. It is  necessary t o  move some t o  spots where we 
can find fresh runs. 
Whether a grower sprays, discs, or uses hand bait tt is very 
important t o  keep check stations and have a reliable person run checks 
with sliced apples and bait  continuously. 
A t  one time I thought C.P.N. was the answer, now it seems we am 
still a long way from finding a satisfactory and e c o n d c a l  soluLion t o  
pine mice control. 
There has been sane discussion about the use of various root stocks 
as mice seem t o  have a preference for certain varieties. This should be 
researched. 
TIIE HUDSON VALLEY'S EXPERIENCE SECURING EIJDRIN FOR USE 
IN 1977 
Warren 11. Smith 
C o o p e r a t i v e  Ex tens ion  Agent 
F r u i t  I n d u s t r y  
Hudson V a l l e y  Labora to ry  
High land ,  IJY 12528 
The y e a r  1977 was e v e n t f u l  f o r  Hudson V a l l e y  f r u i t  
g rowers  who a r e  t r o u b l e d  by p i n e  v o l e s .  In  hlarch when t h e  
snows m e l t e d  i t  was c l e a r l y  e v i d e n t  t h a t  s e r i o u s  v o l e  
damage t o  a r e a  o r c h a r d s  had t a k e n  p l a c e  and immediate a c t i o n  
was n e c e s s a r y  t o  e r a d i c a t e  t h i s  menace. Coopera t ive  Exten- 
s i o n  p l a y e d  a  major  l e a d e r s h i p  r o l e  o r g a n i z i n g  grower corn- 
m i t t e e  a c t i v i t i e s ,  and t h e  Nor th  E a s t e r n  F r u i t  C o u n c i l ,  a  
newly formed grower g roup ,  r e p r e s e n t e d  t h e  i n d u s t r y  d u r i n g  
t h e s e  a c t i v i t i e s .  S t e v e  C l a r k ,  a  M i l t o n ,  New York f r u i t  
grower ,  was chosen a s  chai rman o f  t h e  North E a s t e r n  F r u i t  
Counc i l  grower a c t i o n  commit tee .  
Our f i r s t  move was t o  a l e r t  t h e  I?ew York S t a t e  Depar t -  
a e n t  Of A g r i c u l t u r e  and Markets  (NYSDAM) and t h e  Department 
of Env i ronmen ta l  Conse rva t ion  (DEC) of t h e  s e r i o u s n e s s  of 
t h e  s i t u a t i o n  and e x p l a i n  t o  them what ou r  needs  were .  
Because of t h e  s e r i o u s n e s s  of t h e  problem and t h e  need f o r  
immediate c o n t r o l  i n  t h e  f a l l ,  s e c u r i n g  Endr in  f o r  u s e  was 
o u r  p r imary  g o a l .  A t  t h e  same t ime  we were a l s o  i n t e r e s t e d  
i n  s t i m u l a t i n g  a  more v i g o r o u s  r e s e a r c h  program t h a n  what 
was p r e s e n t l y  b e i n g  funded.  
B u r e l  Lane ,  D i r e c t o r  of P l a n t  I n d u s t r i e s  w i t h  t h e  
NYSDAII, became a  good f r i e n d  and a s s i s t e d  u s  a s  we p r e p a r e d  
o u r  c a s e .  Numerous p r e p a r a t o r y  mee t ings  were h e l d  and 
c o n s i d e r a b l e  homework done.  F i n a l l y  a  t o u r  of  damaged 
o r c h a r d s  and t o  o u r  s u r p r i s e  an E.P.A. RPAR hean ing  was 
s c h e d u l e d .  The t o u r  was a r r a n g e d  t o  compliment t h e  impact  
of  t h e  h e a r i n g .  One i n t e r e s t i n g  s i d e - l i g h t  conce rn ing  t h e  
involvement  of t h e  E.P.A. is t h a t  we were p e t i t i o n i n g  t h e  
DEC t o  remove Endr in  from i t s  r e s t r i c t e d  useage  l is t  and 
were s u r p r i s e d  t o  l e a r n  of E .P .A . ' s  i n t e r e s t  i n  o u r  problem 
when Endr in  i s  f e d e r a l l y  l a b e l l e d .  We l e a r n e d  of E . P . A . ' s  
involvement  o n l y  a  few days  b e f o r e  t h e  h e a r i n g  was t o  b e  
h e l d  and f r a n t i c a l l y  began a l e r t i n g  o t h e r s  i n  ne ighbor ing  
s t a t e s  who we t h o u g h t  were i n t e r e s t e d  i n  t h e  f u t u r e  of 
E n d r i n .  T h i s  h e a r i n g ,  we were t o l d ,  was t o  b e  one  of o n l y  
two h e a r i n g s  t h a t  E.P.A. p l anned  t o  h o l d  a s  p a r t  of  t h e i r  
RPAR i n v e s t i g a t i o n  of E n d r i n ;  i n  o t h e r  words,  t h e  f u t u r e  of 
Endr in  l a b e l  was a t  s t a k e .  The r e s p o n s e  was tremendous and 
p e o p l e  a s  f a r  away a s  North C a r o l i n a  t e s t i f i e d .  Many of 
t h e s e  peop le  a r e  h e r e  today .  
Our New York p r e s e n t a t i o n  a t  t h e  h e a r i n g  was d e s i g n e d  t o  
emphasize t h e  damage and economic impact  done by t h e  p i n e  
v o l e s .  We were f o r t u n a t e  t o  have on o u r  team s e v e r a l  e x p e r t s  
who were a b l e  t o  a c c e s s  t h i s  impact .  
Mrs. Karen Pea r son  who spoke l a s t  y e a r  a t  t h i s  
Symposium on h e r  Master  T h e s i s ,  "Some Economic Aspec t s  of  
P i n e  Vole Damage i n  Apple Orcha rds  o f  N e w  York S t a t e " ,  
was a s k e d  t o  up-date  h e r  s u r v e y  work done f o r  h e r  t h e s i s  
and a l s o  t o  do a  d e t a i l e d  s u r v e y  o f  s e v e r a l  o r c h a r d s  t h a t  
were s e v e r e l y  damaged l a s t  w i n t e r .  T h i s  i n f o r m a t i o n  was 
p r e s e n t e d  a t  t h e  h e a r i n g .  A l so ,  Bfr. Ralph Lawrence, Regional  
E x t e n s i o n  S p e c i a l i s t  i n  F r u i t  Farrn Management and Market ing  
f o r  E a s t e r n  New York,  was a sked  t o  t a k e  Mrs. P e a r s o n ' s  su rvey  
r e s u l t s  and deve lop  a  h e a r i n g  p r e s e n t a t i o n  t h a t  would look  
a t  t h e  economic impact  of  t h e  p i n e  v o l e  t o  t h o s e  o r c h a r d s  
t h a t  were  damaged. I would l i k e  t o  quo te  a  pa rag raph  from 
Mr. Lawrence ' s  t e s t i m o n y .  T h i s  e x c e r p t  w i l l  g i v e  you an 
i d e a  of t h e  t y p e  of economic i n f o r m a t i o n  M r .  Lawrence was 
a b l e  t o  p r e s e n t  t o  E.P.A. I b e l i e v e  t h i s  t y p e  of informa- 
t i o n  was v e r y  mean ingfu l  and impacted  g r e a t l y  on t h e i r  i n -  
v e s t i g a t i o n .  
"Block I  on Farm A i n  Du tchess  County is a  1 5  
y e a r  o l d  Tydemanls Zed b lock .  The o r c h a r d  run  
p r i c e  r e c e i v e d  f o r  t h e  a p p l e s  from t h i s  b l o c k  
i n  1976 was $5.40 p e r  b u s h e l .  The computa t ion  
done h e r e  assumes an a v e r a g e  p r i c e  of $4.00 p e r  
b u s h e l .  T h i s  b l o c k  c u r r e n t l y  shows 59% of t h e  
t r e e s  100% g i r d l e d .  T h i s  r e d u c e s  t h e  y i e l d  from 
517 b u s h e l s  p e r  a c r e  t o  212 b u s h e l s  p e r  a c r e ,  
and r e s u l t s  i n  an annua l  l o s s  of  income of $946 
p e r  a c r e  a f t e r  d e d u c t i n g  growing and h a r v e s t i n g  
e x p e n s e s .  Over a t e n  y e a r  p e r i o d  t h e  n e t  p r e s e n t  
v a l u e  of t h a t  permanent l o s s  i s  $6,348 p e r  a c r e .  
I n  s p i t e  of  t h e  P a c t  t h a t  w i t h o u t  p i n e  v o l e  
damage t h i s  o r c h a r d  and t h e  f o l l o w i n g  o r c h a r d s  
would b e  a  v i a b l e  economic u n i t s  f o r  more t h a n  
1 0  more y e a r s ,  I have l i m i t e d  t h e  a n a l y s i s  t o  
1 0  y e a r s ,  assuming t h a t  a  r ep lacemen t  o r c h a r d  
c o u l d  b e  approach ing  f u l l  p r o d u c t i o n  by t h e n .  
Block I1 on Farm A i s  an  1 8  y e a r  o l d  Red D e l i -  
c i o u s  b l o c k .  Using an  a v e r a g e  o r c h a r d  r u n  
p r i c e  of $3.50 p e r  b u s h e l  r a t h e r  t h a n  t h e  $5,.00 
a c t u a l l y  r e c e i v e d  t h i s  y e a r ,  t h e  annua l  n e t  l o s s  
is $1 ,128  p e r  a c r e .  The n e t  p r e s e n t  v a l u e  of t h i s  
l o s s  o v e r  a  t e n  y e a r  p e r i o d  is $7,569 p e r  a c r e . "  
The o r c h a r d  t o u r  t h a t  proceeded t h e  Endr in  h e a r i n g  was 
v e r y  i m p o r t a n t  t o  o u r  p l a n  of a t t a c k .  We f e l t  t h a t  w e  had 
t o  show t o  what e x t e n t  p i n e  v o l e  can  damage and were 
damaging o u r  o r c h a r d s .  See ing  is b e l i e v i n g  was neve r  more 
t r u e  t h a n  t h a t  day  i n  t h o s e  many o r c h a r d s  we v i s i t e d  w i t h  
f r e s h l y  g i r d l e d  t r e e s ,  We even went s o  f a r  a s  t o  remove 
trees s o  t h a t  g i r d l e d  t r u n k s  and r o o t s  c o u l d  be  more 
c l o s e l y  examined.  One of t h e s e  tree stumps was p r e s e n t e d  
a s  e v i d e n c e  a t  t h e  f o l l o w i n g  d a y l s  h e a r i n g .  My f e e l i n g  i s  
t h a t  t h i s  o r c h a r d  t o u r  d i d  o u r  c a s e  as  much good a s  t h e  
p r e s e n t a t i o n  made a t  t h e  h e a r i n g .  We had s m a l l  b u s e s  f o r  
t r a n s p o r t a t i o n  and enough growers  on t h e  t o u r  s o , t h a t  no 
v i s i t o r s  were  l e f t  "una t t ended" .  
The DEC r e p r e s e n t a t i v e s  were p r e s e n t  on t h e  t o u r  and 
a t  t h e  E.P.A. h e a r i n g ,  however, t h e y  were no t  a b l e  t o  accep t  
t h e  E.P.A. h e a r i n g  a s  o f f i c i a l  f o r  S t a t e  pu rposes ,  t h e r e -  
f o r e ,  t h e  S t a t e  s e t - u p  i ts own h e a r i n g  f o r  e a r l y  August .  
T h i s  was an a b b r e v i a t e d  h e a r i n g  and mere ly  a  f o r m a l i t y  t o  
s a t i s f y  S t a t e  r e q u i r e m e n t s .  
Our homework had been done and p r e s e n t e d  a t  b o t h  
F e d e r a l  and S t a t e  h e a r i n g s  and it was now a  m a t t e r  of  
w a i t i n g  f o r  a  d e c i s i o n  from t h e  DEC. , E . P . A . ' s  d e c i s i o n  was 
hoped f o r  b e f o r e  t h e  S t a t e  had t o  make i t s  own independent  
d e c i s i o n ,  b u t  a s  t h e  hour g o t  c l o s e  a l l  E.P.A. was s a y i n g  
was t h a t  it was c o n t i n u i n g  t o  r ev iew t h e  d a t a .  Word from 
E.P.A. was t h a t  t h e i r  r ev iew of t h e  h e a r i n g  d a t a  was 
f a v o r a b l e .  The S t a t e  w a i t e d  u n t i l  t h e  z e r o  h o u r ,  bu t  
f i n a l l y  made a  d e c i s i o n  i n  f a v o r  o f  t h e  f r u i t  i n d u s t r y .  The 
announcement r e a d  and I q u o t e ,  
"Thursday,  September 22,  1977 
Commissioner o f  Environmenta l  Conse rva t ion  P e t e r  A .  
B e r l e  today  announced t h a t  he  h a s  approved a  
h i g h l y  r e s t r i c t e d ,  one-t ime u s e  of Endr in  t h i s  
f a l l  a s  a  ' s t o p g a p  measure '  t o  combat p i n e  v o l e s ,  
a  major  t h r e a t  t o  t h e  $18 m i l l i o n  a p p l e  i n d u s t r y  
i n  t h e  lower  Hudson V a l l e y .  
Commissioner B e r l e  s e t  t h e  f o l l o w i n g  r e s t r i c t i o n s  
upon t h e  u s e  of E n d r i n :  
- - U s e  is b e i n g  p e r m i t t e d  o n l y  f o r  t h e  f a l l  of 
1977.  
- - U s e  o n l y  i n  o r c h a r d s  w i t h  obv ious  p i n e  v o l e  
damage and n o t  a s  a  p r e v e n t a t i v e .  
- -App l i can t s  must a t t e n d  an  approved t r a i n i n g  
s e s s i o n  on t h e  u s e  o f  Endr in  b e f o r e  a p p l y i n g  
f o r  a  p e r m i t ,  p a s s  a  w r i t t e n  examina t ion  and 
b e  c e r t i f i e d  a s  competent  t o  u s e  r e s t r i c t e d  
p e s t i c i d e s .  
--Endrin b e  a p p l i e d  o n l y  a f t e r  t h e  a r e a  t o  be  
t r e a t e d  h a s  been h a r v e s t e d ,  i n c l u d i n g  t h e  
c o l l e c t i o n  of d r o p s . "  
T h i s  was a  v e r y  d i f f i c u l t  and courageous  d e c i s i o n  f o r  
Commissioner B e r l e  t o  make. One p a r t i c u l a r  i n c i d e n t  made 
it even more d i f f i c u l t  s i n c e  t h e  depar tment  was t h r e a t e n e d  
by a  s u i t  from t h e  S t a t e ' s  Audubon S o c i e t y  i f  it a l lowed  
t h e  u s e  of E n d r i n .  Bu t ,  o t h e r  t h a n  t h i s  t h r e a t ,  and t h a t s  
a l l  it t u r n e d  o u t  t o  b e ,  t h e r e  was no o t h e r  p u b l i c  o u t c r y  
a g a i n s t  t h e  one  t ime  u s e  of Endr in  under  t h e s e  r e s t r i c t e d  
c o n d i t i o n s .  One o r  two l o c a l  p a p e r s  i n c l u d i n g  t h e  New York 
Times c a r r i e d  c h a l l e n g i n g  a r t i c l e s ,  b u t  no s e r i o u s  con- 
sequences  were f e l t .  Even a t  t h e  h e a r i n g s  l i t t l e  was h e a r d  
from Environmenta l  and Save The E a r t h  Groups. One o r  
two g roups  were p r e s e n t  a t  t h e  h e a r i n g s  and t h e y  d i d  
e x p r e s s  conce rn  about  t h e  u s e  of E n d r i n ,  b u t  t h e y  were 
s y m p a t h e t i c  about  t h e  v o l e  problem and a g r e e d  something 
had t o  b e  done.  Endr in  seemed t o  b e  t h e  o n l y  s t o p g a p  
measure t h a t  would work t o  s o l v e  t h e  immediate problem. 
These g r o u p s  i n c l u d i n g  t h e  U l s t e r  County F e d e r a t e d  
Spor tman ' s  C lub ,  p l u s  Commissioner B e r l e  i n  h i s  Endr in  
R e l e a s e  S ta t emen t  have a l l  s a i d  t h a t  t h e  r e a l  s o l u t i o n  t o  
t h e  v o l e  problem l i e s  n o t  w i t h  E n d r i n ,  b u t  w i t h  r e s e a r c h  
t o  f i n d  a  l o n g  t e rm e n v i r o n m e n t a l l y  s a f e  c o n t r o l  program. 
Hopefu l ly  t h i s  symposium today  w i l l  h e l p  s t i m u l a t e  g r e a t e r  
f u n d i n g ,  s o  we can  g e t  on wi-th t h i s  needed research. 
The DEC i n  an e f f o r t  t o  i n c r e a s e  t h e  knowledge b a s e  
c o n c e r n i n g  t h e  env i ronmen ta l  impact  of  such  p e s t i c i d e s  a s  
E n d r i n ,  unde r took  an  a m b i t i o u s  m o n i t o r i n g  program. Samples 
b e f o r e ,  a f t e r ,  and a t  f u t u r e  d a t e s  of t r e a t m e n t  were t a k e n  
and w i l l  b e  t a k e n  o f  w a t e r ,  s o i l ,  s o i l  o rgan i sms ,  o r c h a r d  
p l a n t  l i f e ,  f i s h ,  and w i l d l i f e .  To d a t e ,  r e s u l t s  of t h i s  
m o n i t o r i n g  program a r e  n o t  a v a i l a b l e .  Apparen t ly ,  t h e r e  
h a s  been a  d e l a y  w i t h  t h e  a n a l y t i c a l  work, b u t  once  t h i s  
m o n i t o r i n g  program r e p o r t  i s  p u b l i s h e d  it s h o u l d  p r o v i d e  
e x t r e m e l y  i n t e r e s t i n g  i n f o r m a t i o n  and have a  f a r  r e a c h i n g  
impact  on o u r  f u t u r e  t h i n k i n g .  
Throughout t h i s  p r e s e n t a t i o n ,  I have i n d i c a t e d  t h a t  
we i n  New York, l i k e  you,  a r e  v e r y  i n t e r e s t e d  i n  encourag ing  
n o r e  r e s e a r c h .  I n  New York t h e  C o l l e g e  of A g r i c u l t u r e  and 
L i f e  S c i e n c e s  h a s  a g r e e d  t o  s u p p o r t  a  f u l l - t i m e  w i l d l i f e  
c o n t r o l  t e c h n i c i a n  t o  b e  l o c a t e d  a t  t h e  IIudson V a l l e y  Lab. 
We a r e  a l s o  h o p e f u l  t h a t  a  f u l l - t i m e  w i l d l i f e  b i o l o g i s t  
c a n  b e  h i r e d  t o  a l s o  work a t  t h e  Lab. Funding f o r  t h e  
b i o l o g i s t  p o s i t i o n  is s t i l l  i n  q u e s t i o n .  P o s s i b l y  f e d e r a l  
f u n d s ,  USDA o r  USDI, can  be s e c u r e d  t o  a i d  i n  s u p p o r t  of 
t h i s  p o s i t i o n .  T h i s  i s  what we i n  New York a r e  working 
towards .  A t  any r a t e ,  we a r e  a g g r e s s i v e l y  moving fo rward  
w i t h  r e s p e c t  t o  more r e s e a r c h  work, and w e  have  t h e  s u p p o r t  
of  C o r n e l l ,  t h e  Geneva Experiment S t a t i o n ,  t h e  NYSDAhl, and 
DEC. We a r e  o p t i m i s t i c  t h a t  t h i s  Symposium w i l l  add s u p p o r t  
t o  o u r  e f f o r t s  and t h a t  nex t  y e a r  we can  i n t r o d u c e  two new 
p i n e  v o l e  r e s e a r c h  p e o p l e  from New York t o  t h e  Symposium 
g roup  h e r e  t o d a y .  
Mat ters  o f  Concern i n  Rodent Cont ro l  i n  
Pennsylvania Orchards 
C. M. R i t t e r  
The Pennsylvania S ta te  U n i v e r s i t y  
Rodent c o n t r o l  -- both  meadow and p ine  -- has been and cont inues t o  
be a ma t te r  o f  major concern i n  a l l  Pennsylvania orchards. I nsec t  and 
disease problems are  vexing b u t  l a r g e l y  seasonal and comparat ively easy 
t o  co r rec t .  Rodent damage, a t  best ,  i s  a d i b i l i t a t i n g  f a c t o r  i n  t r e e  
growth and f r u i t  product ion. A t  worst ,  i t  i s  termina l  so f a r  as t r e e  
l i f e  i s  concerned. 
As ma t te r  o f  record, Pennsylvania 's extension orchard s p e c i a l i s t s  
have s t ressed mouse ( vo le )  c o n t r o l  i n  our  p r i n t e d  recommendations fo r  
over 40 years. The problem has been present  i n  orchards f o r  as l ong  as 
the orchards have ex i s ted .  However, i t  seems t h a t  i t  d i d  n o t  reach 
r e a l l y  ser ious economic l e v e l s  u n t i l  the  t ime t h a t  the p r a c t i c e  of 
pas tu r i ng  l i v e s t o c k  -- horses, c a t t l e ,  hogs -- was discont inued. 
A t  present,  Pennsylvania 's pomology extens ion recommendations f o r  
mouse ( v o l e )  c o n t r o l  a re  two-pronged. We s t ress  both  the phys ica l  and 
chemical methods t o  be used t o  ga in  some degree o f  c o n t r o l .  
The recommended p rac t i ces  are  1 i s t e d  below: 
Sod Cont ro l :  Discing, o r  t he  use o f  herb ic ides,  t o  keep a 4 t o  5 foot  
band o f  bare ground on each s i d e  o f  t he  t r e e  row and p e r i o d i c  mowing, 
s u f f i c i e n t  t o  keep the  sod a t  a 3 t o  6 i n c h  he ight ,  i s  emphasized. 
Since the mice a re  r a t h e r  t i m i d  animals, i t  appears t h a t  they do n o t  
f i n d  a short-sod h a b i t a t  i n v i t i n g .  
Crown-Trunk P ro tec t i on :  A t  the t ime o f  p lan t i ng ,  we recomnend t h a t  one 
t o  two bushels o f  crushed l imestone (quarry  f i l l  grade i s  e x c e l l e n t )  be 
p laced around the  t runk  o f  t he  new t ree .  The rock i s  placed so t h a t  i t  
forms a mound 4 t o  6 inches h igh  around the  t runk.  We recommend a l s o  
t h a t  a hardware c l o t h e  guard be placed around the t runk.  We be l i eve  the  
hardware c l o t h e  t o  be super io r  t o  t he  s p i r a l  p l a s t i c  guard. The w i r e  
guard i s  const ruc ted from a p iece 15 by 18 inches formed i n t o  a c i r c l e  
w i t h  the  18- inch dimension as the l e n g t h  o f  the tube. 
Rodent ic ide m a t e r i a l s  and b a i t s :  Pennsylvania 's pomology extens ion 
recommendations c u r r e n t l y  i nc lude  the  use o f  z i nc  phosphide b a i t s  
(0.92-2.0%), chlorophacinone (both  d r y  b a i t s  and 1 i q u i d  forms), and 
diphacinone b a i t s .  We a l s o  i nc lude  s p e c i f i c  i n fo rma t ion  concerning safe,  
proper use o f  endr ine fo r  orchard Tiouse c ~ n t r o l .  
We have t r i e d  n o t  t o  depend e n t i r e l y  on one system t o  c o n t r o l  the 
vo le  s i t u a t i o n .  Rather we be l i eve  t h a t  t he  phys ica l  c o n t r o l  measures -- 
crushed rock, mowing and w i r e  t runk  guards -- should be the pr imary  
c o n t r o l  measures and t h a t  the chemical b a i t s  and sprays should be 
considered as ma te r i a l s  t o  be used i n  hand1 i n g  c r i s i s  s i t u a t i o n s .  
I n  any event, we do b e l i e v e  t h a t  the chemical c o n t r o l  measures must 
be cont inued i n  f ede ra l  r e g i s t r a t i o n  t o  prov ide the f r u i t  grower w i t h  
a s u f f i c i e n t  a r ray  o f  c o n t r o l  measures t o  con t ro l  the meadow and p ine  
mouse ( vo le )  problems. 
THE MEADOW, PRAIRIE, AND PIXE VOLE PROBLEM I N  OHIO 
Charles L. McGriff 
D i s t r i c t  F ie ld  Assis tant  
U. S. Fish and Wildl i fe  Service 
Animal Damage Control 
Columbus, Ohio 
F r u i t  growers, nurserymen, and Christmas t r e e  growers i n  Ohio suf fe r  
economic l o s s  each year i f  t r ee -g i rd l ing  mice a r e  present and not con- 
t r o l l e d .  Unfortunately, i n  Ohio as elsewhere we have no p r a c t i c a l  method 
f o r  a r r iv ing  a t  t h e  t o t a l  value of l o s s  from mouse damage. The grower's 
reports  of losses  a re  merely estimates. 
Populations of meadow, p r a i r i e ,  and pine voles a r e  present i n  Ohio, 
with pine voles  most common i n  t h e  Southern part .  It i s  e s s e n t i a l  t h a t  
t h e  grower i d e n t i f y  t h e  species present ,  because control  methods d i f f e r ,  
and t h e  same mater ia l s  a r e  not equally e f fec t ive  f o r  a l l  species. 
The control  mate r ia l  most widely used i n  Ohio has been, and s t i l l  
i s ,  zinc phosphide. I n  t h e  l a t e  1950's and ear ly 1960's experiments with 
endrin were conducted. This chemical never has been widely accepted, be- 
cause of grower repor t s  of f i s h  k i l l s  i n  t h e i r  ponds, and t h e  death of 
rabb i t s  and quail.  The U. S. Fish and Wildl i fe  Service has never recom- 
mended endrin f o r  mouse control.  Zinc phosphide apple cubes and gra in  
b a i t s  a r e  recommended f o r  control  of a l l  t h r e e  species of t ree -g i rd l ing  
mice i n  Ohio. 
It has been our experience t h a t  meadow and p r a i r i e  mice a re  eas ie r  
t o  con t ro l  than pine mice. Zinc phosphide-treated apple cubes and gra in  
b a i t s  have given good control  when broadcast f o r  meadow and p r a i r i e  mice, 
but  g ra in  b a i t s  a r e  a must f o r  pine mouse control.  For pine mice, t h e  
g ra in  b a i t  should be applied by hand t r a i l  ba i t ing  o r  by a t r a i l  bui lder  
machine, not broadcast. Hand t r a i l  ba i t ing  i s  an expensive, time con- 
suming job, and needs t o  be done by dependable and well-trained personnel. 
The t r a i l  bu i lder  machine i s  f a s t  and makes a nice burrow when s o i l  
moisture conditions a re  correct ,  but has never been a popular t o o l  i n  t h e  
h i l l y  t e r r a i n  of Southern Ohio because s o i l  moisture of ten i s  def icient  
i n  t h e  f a l l  when ba i t ing  normally i s  done. 
Since t h e  ea r ly  1970's c u l t u r a l  p rac t ices  have become a par t  of our 
mouse control  recommendations. Control of ground vegetation by mowing 
between t h e  t r e e s  and t h e  destruct ion of vegetation i n  a th ree  or  four  
foot  radius around t h e  t r e e  t runk with chemical weed k i l l e r s  have d i s -  
couraged mice from using t h i s  area. Tree guards a r e  helpful  i n  reducing 
summer and ear ly  f a l l  damage. Cultural  pract ices  have d e f i n i t e  l imi ta -  
t i o n s ,  especial ly  when p r a i r i e  and pine voles a r e  present.  The destruc- 
t i o n  of surface cover may have l i t t l e  o r  no e f f e c t  on t h e i r  underground 
a c t i v i t i e s .  
Growers i n  Ohio f e e l  zinc phosphide b a i t s  a re  not t h e  complete an- 
swer t o  mouse control ,  even though these have been t h e  universal  b a i t s  
f o r  t h e  pas t  twenty years .  They have been e f fec t ive  i n  meadow mouse con- 
t r o l ,  but f o r  p r a i r i e  and pine mice do not meet grower expectations. We 
need a con t ro l  t o o l  t h a t  i s  environmentally sa fe ,  easy t o  apply, econom- 
i c a l  t o  use, and w i l l  do a good job on a l l  th ree  species. We need a 
method f o r  accurately determining damage t o  orchards, nurser ies ,  and 
Christmas t r e e  plantings. Above a l l ,  we need t o  develop an educational 
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program that w i l l  reach more growers. 
'IHE PINE VOLE - MONI'llXR?2 & -CH FEKRTS 
Burel H. Lane, Director 
Division of Plant Industry 
New York State Deparhnent of Agriculture & Markets 
Albany, New York 12235 
The f ru i t  industry is an imprtant segmr~t of New York's agri- 
cultural ecancPrry generating over 100 million dollars of farm income 
annually. Of the 66,740 acres of apples i n  the state, four counties 
of the lmer  Hudson River Valley incorporate 20,680 acres or approxi- 
mtely 30% of New York's apple acreage. 
This viable f ru i t  area is now in jeopardy due t o  severe tree 
damage by the meadow muse, Kicrotus gennsvlvania, and pine vole, 
Pitvms pinetorUu- These rodents have caused very serious econcmic 
loss to many growers i n  this hportant f ru i t  area of our state. 
During the l a s t  six years, pine voles have spread from a relatively 
few farms to over 4,000 acres of infestation, thereby threatening a 
f ru i t  industry in the area averaging an annual f m  cash income in 
eXQSS of $18,000,000. 
Prior t o  1971, growers a d d  use hdr in  as w e l l  as other 
pesticides for the control of rodent populations in the orchards. 
There was l i t t l e  reported em&c damage up t o  that time. (3-1 
January 1, 1971, the NaY York State Department of hv i ronmta l  
Conservation issued an order totally prohibiting the use of hd r in  
in the state. As a result, growers had no effective rodenticides 
as Zinc Phosphide treated corn and bait did not control pine vole 
ppulations. The anticoagulant rodenticide, Chlorophacinon, w a s  
t r ied in bath a spray and bait form. In 1975 and 1976 another 
anticoagulant, Diphackon, was also used in control efforts. 
During both seasons the mntrol obtained was very erratic. 
(31 August 11, 1977, the New York State De-t of 
hvironnwtal Conservation held an infomtional hearing t o  sol ici t  
caments and informtion relevant t o  the risks and benefits associ- 
ated with the use of hd r in  in orchards for pine vole control. 
After reviewing the hearing record, Comnissioner Peter M l e ,  on 
Septenber 22, 1977, announced that he had approved a highly 
restricted, one time use of hd r in  as a "stqgap measure" to  
caTlbat pine voles in the lower  Won River Valley. 
Onmissimer Berle set the following restrictions upon use of 
Ehdrin : 
- Use is m t t e d  only for the fa l l  of 1977. 
- U s e  cmly in orchards w i t h  obvious pine vale damage and not 
as a preventive. 
- qppllicant must attend an appmed training sessim on the 
use of W i n  before applying for a permit,  pass a written 
examination and be certified as onptmt to use r e s t r i m  
pesticides. 
- -in be applied only after the area to be treated has been 
harvested, including the collection of drops. 
Ccnsideration of the requested use of W i n  in W w  York was a 
classic example in which potential risks to non-target organism and 
the environment must be care£ully balanced against benefits obtained 
in reducing severe econcmic losses to an b p r t a n t  industry. bca.l., 
state and national envi-M groups expressed their opp i t ion  
to the proposal to again permit use of the material. 
Cadssioner Berle, in announcing his decision, stated that any 
subsequent use of hdrin would be approved only after careful review 
of the control program with regard to hdrinl  s eff ioacy, its effects 
on non-target organisns and the en-t in general. In other 
words, a mnitoring program wt be hpleplwted to  oMain this 
essential information on which to base any decision for future use 
of hdrin in New York. A t  the same time he indicated that it w a s  
absolutely essential that the College of Agriculture end Life 
Sciences a t  Cornell, the New York State De-t of Agriculture 
and Markets, the United States Departmnt of Agriculture, and/or 
the United States Deprtmmt of Interior Cooperate to develop a 
canprehensive research effort which would result in a long-term 
ccntrol program mre effective and m e  acceptable than the use 
of mdrin. 
In an effort to support Ccarmissioner Berle and comply with his 
request, our Deprbwnt, in amperation with the Deparhrwt of 
D-~vironmntal Conservation, has inplanented a mnitoring program 
in the fruit area where -in was applied. The objectives are: 
- to determine effectiveness of the mdrin application on 
pine vole oontrol. 
- to detemine effects of hdrin usage on non-target 
organisms within and surmundirg the area. 
- to determine changes in hdr in  residue levels in organisms 
within and bordering the R~drin treatment area. 
- to determine the time and extent of moverwt of R~drin f m  
the application s i te .  
- to d e W e  changes in water quality related to  mdrin usage. 
f a n q l e s  of soi l ,  water  and appropriate species of wildlife, fish 
and aquatic organisms £run and adjacent to the treated orchards w i l l  be 
cc~llected and analyzed for residue levels. Bllection periods w i l l  
include pre-treatment, post-treatment, post-snow melt and one year 
post-trea-nt. Our Department has made a amnitmnt with a projected 
257 mn-days of expense allocated t o  mnitoring and field sample 
collection. An estimated 500 to 600 samples w i l l  be analyzed in our 
laboratory for residue levels. The d i n e d  m s t  for field mnitoring 
and laboratory analysis w i l l  be i n  excess of $59,000. m t a  a c m -  
fated f m  this  effort is considered vital in adequately evaluating 
any continued use of mdrin in pine vole 0311trol in  our state. lhis 
data will also be available and utilized in the &ed research 
effort by the Bllege of Agriculture and Life Sciences a t  Cornell. 
Cn our part, w e  are also aware of the potential toxicity and 
residual l i f e  of mdrin. W e  agree that use of the material should 
not be permitted any longer than absolutely necessary. me only 
real solution l i e s  i n  research to develop biological or cultural 
control mthods and alternate envirormwtdlly acceptable pesticides - 
an integrated pest -anent program. The College of Agriculture 
and Life Sciences a t  Cornell has recently increased funds available 
for expmded research on pine vole mntrol in  the Edsm Valley 
f ru i t  area. -ever, this effort alone is not adequate to find a 
satisfactory solution to the problems. 
We a s s m  that f ru i t  areas i n  other states are eqeriencing 
similar tree damge f m  the orchard muse and pine vole. Un- 
doubtedly research efforts are also occurring in other states 
with the basic objective of finding a safe, effective, selective, 
econanical, and erurironmntally acceptable rodent mntrol technique. 
~ l e  having a unity of p-se, a t  best such efforts by individual 
states currently lack proper coordination and direction of research 
effort. 
Cn Septgnber 28, 1977, the prestigious National Association 
of State Jkpartments of Agriculture adopted a resolution requesting 
research £un&ng to develop new pest oontrol materials and/or 
cultural methDds to reduce pine vole darmge in  orchards. A c ~ p y  
of the resolution is attached. It requests the United States 
D e p x h e n t  of Interior, Bureau of Fish and Wildlife Services, to 
assim high priority to a request for research funding. This 
agency has the respnsibility for wildlife resources. It has the 
capability to conduct and coordinate a broadly based research -am 
for orchard d e n t  c o n b l .  It could conduct in-buse research and 
contract for oarpllementaq research with State Universities and 
research orgrolizations. 
A research field station in the northeast, in an area where  there 
are severe pine vole problems, is absolutely essential. Tb date, 
research efforts have been very limited and fracpented w i t h  l i t t l e  
evident progress in  a solution t o  the problem. Currently in New York 
there is an annual increase i n  damage t o  orchard fruit trees w i t h  no 
effective environmentally acceptable, pine vole 0311trol materials or 
mthcds. Undoubtedly, orchards in other eastern states are experi- 
encing similar losses. We -st that the Deparbnent of Interior 
recognize this severe orchard pcblan and immdiately ini t ia te  an 
ergency research program to alleviate damage to f ru i t  crop by 
mm3cr.v mice and pine voles. 
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NATIONAL ASSOCIATION OF STATE DEPARWNTS OF AGRICULTURE 
Policy No. PI-12 
PINE VOLE BAMm I N  ORCHARDS 
The pine mouse or  pine vole, Pitnys pinetorum, a recognized 
serious pest  of f r u i t  t rees ,  i s  present in increasing population i n  
orchards of t he  eastern United States.  This rodent causes severe 
econcnnic loss  t o  the grower through girdl ing of roots  and t r ee s  with 
resul t ing  l o s s  of vigor, productivity and eventual death of both 
young and mature t rees .  There i s  currently no registered environment- 
ally acceptable pest icide material  which effect ively reduces orchard 
pine vole populations. 
RESOLVED, t h a t  t he  National Association of State Departments 
of Agriculture i n  convention i n  Bedford, New Hampshire, September 28, 
1977, requests the  United States Department of In ter ior ,  Fish and 
Wildlife Services, t o  assign high p r i o r i t y t o  a request fo r  research 
funding tod i scwer  and develop new pest control materials and/or 
cu l tu ra l  methods t o  reduce pine vole damage t o  t r ee s  i n  h.ui t  orchards. 
PRELIMINARY BENEFIT ANALYSIS OF ENDRIN USE ON APPLE ORCHARDS 
Mark A. Luttner 
Economist 
Economic Analysis Branch 
Criteria and Evaluation Division 
Office of Pesticide Programs 
U.S.Environmenta1 Protection Agency 
Washington, D.C. 20460 
This article summarizes the Preliminary Benefit Analysis of Endrin 
Use on Apple Orchards of September, 1977. The analysis was prepared to be 
an input to the risklbenefit decision by the Administrator of ETA as to 
the continued registration of endrin under TIFRA, as amended. A notice of 
rebuttable presumption against registration (RPAR) of endrin was issued 
in the Federal Register on July 27, 1976. If the data on human health and 
or environmental risks cited in the RPAR are not rebutted and risks out- 
weigh benefits, the Administrator may announce intent to cancel the apple 
orchard registrations of endrin. This report analyzes the benefits ob- 
tained from the use of endrin on apple orchards, as mandated by FIFRA. 
Background and Analysis Methodology 
Endrin is applied as a postharvest ground spray to control pine and 
meadow voles in many areas of the East and Northwest. Current endrin use 
on apple orchards is estimated at about 84,000 pounds active ingredient 
per year applied to about 58,100 acres (11.2% of total domestic apple 
acreage). In the nine states in which endrin is extensively used for vole 
control (Georgia, South Carolina, North Carolina, Virginia, West Virginia, 
Maryland, Pennsylvania, Washington, Idaho), the acreage treated with en- 
drin represents 26.5% of total acres in commercial apple production. 
Pine and meadow voles are considered to be the most important threat 
to establishing and maintaining economic levels of apple production in 
both the Eastern and Western apple-producing areas of the U.S. Projec- 
tions of economic losses incurred by orchardists due to tree loss and/or 
reduced fruit yield and quality resulting from vole damage are difficult 
to quantify, for two main reasons: 1) damage rates vary from year to year 
depending upon natural and induced changes in vole populations, weather 
patterns, etc., and 2) it is difficult to attribute tree mortality and 
production losses solely to vole damage in many instances, since factors 
such as winter damage, drought, insects, diseases, and mechanical injury 
must also be considered. 
Forecasts of future orchard damage by voles would require accurate 
information on natural changes in populations, effectiveness of alterna- 
tive control techniques, susceptability of orchards by location, likeli- 
hood of adoption of alternative control techniques by growers, and other 
factors which influence the severity and extent of tree injury by voles. 
In the absence of such information, estimates of orchard damage under 
alternative systems must be based on the expert opinions of horticultur- 
ists and others knowledgeable in the area of orchard vole damage and 
control. In 1974, Byers estimated the impact of pine vole damage upon 
apple production in the East and Midwest at $40,000,000 annually (Byers, 
1974). 
A recent survey of apple experts conducted by the U.S.Department of 
Agriculture found that, in the Eastern states, a 10% annual rate of loss 
in production is anticipated if endrin is unavailable for vole control. 
In the Western apple sta es a 5% loss in production was projected under 
the same circumstances.d The survey did not provide information based 
on the effectiveness of chlorophacinone (CPN) or diphacinone (DPN) 
relative to endrin and the sole Federally registered alternative, zinc 
phosphide. This analysis provides estimates of the impact of the poten- 
tial cancellation of endrin for use on apple orchards under two settings: 
1) that growers utilize only zinc phosphide with a resulting 6.66% annual 
weighted average loss in apple production, and 2) that growers utilize 
CPN or DPN in conjunction with herbicides and/or intensive cultural 
practices and achieve control leading to losses equivalent to 50% of 
those incurred under a zinc phosphide program (3.33% annual weighted 
average loss in production). Although quantitative evidence does not 
exist which supports either assufnption, a significant number of field 
trials have been performed using CPN and DPN which support the assumption 
that the efficacy of these materials exceeds that of zinc phosphide and 
approaches that of endrin when conscientiously applied (Byers, 1975,1975a; 
Byers and Young, 1975; Byers, Young, and Neely, 1976). Inherent to this 
methodology is the assumption that endrin is the most effective material 
in the orchards where it is now used. 
The analysis uses a composite acre approach to assess the impact of 
the cancellation of endrin upon the value of fresh and process apple pro- 
duction on the affected acreage. Per acre production values decline in 
successive years based on the projected losses for the two alternative 
control programs. A weighted average nonharvest production cost of $1,079 
per acre was developed based on data provided by economists in Eastern 
and Western states. Harvest costs were assumed to approximate 11% of the 
per acre value of production. 
Since the impacts incurred by endrin users will include both losses 
in value of production and higher expenditures for alternative control 
measures, per acre production costs were adjusted to include the addi- 
tional costs of control using either the zinc phosphide or CPN-DPN-cul- 
tural measures programs. 
Summary of Findings 
The results of the economic impact analysis resulting from the po- 
tential cancellation of endrin for use on apple orchards indicates that 
endrin users who adopt a zinc phosphide control program would incur total 
reductions in value of fresh apple production equal to $19,479,000 during 
the initial three year period after cancellation of endrin. Process apple 
reductions are estimated at $1,960,000 during the same period. The value 
of fresh apple production on the average affected acre would decrease by 
$382 per year (15.3%) during the three year period. The value of process 
apple production on a typical acre treated with zinc phosphide would de- 
cline by about $76 per year (7.4%) at the end of the initial three year 
period following cancellation of endrin. 
Growers (former endrin users) who adopt a CPN-DPN-herbicides-cultur- 
a1 methods program are expected to incur value reductions in fresh and 
process apple production after the first three years following cancella- 
tion of $9,777,000 and $879,000, respectively. This type of program would 
11 These projections represent losses over and above that rate of tree 
- 
loss (up to 3% per year) usually anticipated by the grower due to all 
causes-i.e., voles, insects, diseases, winter damage, drought, mechan- 
ical injury, etc. 
lead to a reduction in value of production at the user level of $193 per 
year (7.7%) on an affected acre producing fresh apples after three years. 
A typical acre producing process apples in affected areas would have a 
loss in value of production equivalent to $34 per year (3.3%) at the end 
of three years. 
Under a zinc phosphide control program, current endrin users would 
incur losses in net returns equal to $19,110,000 after three years, while 
non-users of endrin would experience increased net returns of $51,323,000 
after three years due to higher apple prices caused by the losses in the 
endrin use areas. Under a CPN-DPN-herbicides-cultural methods program, 
the aggregate impacts upon users and non-users of endrin would be approx- 
imately one-half the magnitude projected under a zinc phosphide program. 
Current endrin users adopting CPN, DPN, herbicides, and increased cultur- 
al control methods would experience a loss in net returns of $9,479,000 
over the initial three year period. Non-users of endrin would receive an 
aggregate increase in net revenues of $25,773,000 over the same period, 
again as a result of higher apple prices caused by losses in the endrin 
use areas. 
The impacts projected in this analysis are subject to several impor- 
tant limitations. Both alternative programs assume the availability of 
adequate labor to properly bait orchards. This assumption is subject to 
question and must be carefully scrutinized when dealing with assessing 
the feasibility of endrin alternatives. It was also assumed that apple 
production would remain constant in the non-endrin use areas for the 
period analyzed. However, higher market prices caused by losses in endrin 
use areas would probably stimulate intensive production practices and in- 
creased planting in non-use areas. Although the production effects of new 
plantings would not be felt for several years, intensified production 
practices would likely result in rather immediate impacts. However, the 
extent of such effects cannot be predetermined with reliability. 
Another limitation concerns the effect of output reductions upon 
market prices and revenues. The revenue and net return streams developed 
in the analysis are based on the assumption that the price elasticities 
of demand for fresh and process apples used in the analysis are represen- 
tative for the first three year period after cancellation. It is likely 
that the production reductions projected to occur if endrin is cancelled 
would change the price elasticities of demand for apples, thereby leading 
to corresponding changes in revenues. Expected changes in price elastici- 
ties of demand suggest that both the losses in user revenues and gains in 
non-user revenues would decline over time. Unfortunately, data is not 
available to evaluate the elasticity responses of the various apple cate- 
gories to supply reductions, which could then be used to project future 
revenue streams. For this reason, the analysis is limited to a short, 
three-year time horizon. For these and other reasons, projections of 
economic impacts to periods beyond the years evaluated in this analysis 
would be inappropriate. 
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The purpose of t h i s  paper is t o  review the  pas t  t r ends  i n  funding 
a g r i c u l t u r a l  research and focus on t h e  cu r ren t  s i t u a t i o n  and o f f e r  
suggest ions  f o r  ways t h a t  we might he lp  ourselves  i n  t h e  funding c r i s i s  
t h a t  seemingly g e t s  worse each year .  
A l l  of you a r e  we l l  aware t h a t  the re  has  been a s h i f t  from a ru ra l -  
farm o r i e n t a t i o n  t o  an urban o r i e n t a t i o n  and t h a t  p a r t i c u l a r l y  s ince  
1950 t h e r e  has  been a s h i f t  of pub l i c  concern and support away from 
a g r i c u l t u r e  t o  o the r  s o c i e t a l  problems. Perhaps t h e  successes achieved 
by t h e  land g ran t  co l l eges ,  experiment s t a t i o n s  and t h e  United S t a t e s  
Department of Agr icu l tu re  have been our undoing. The high p roduc t iv i ty  
pe r  man hour i n  a g r i c u l t u r e  a s  compared t o  o t h e r  i n d u s t r i e s  and the  low 
c o s t  and boun t i fu l  supply of h igh q u a l i t y  food is  taken f o r  granted by 
t h e  major i ty  of our  soc ie ty .  This a t t i t u d e  is  p a r t i c u l a r l y  damaging t o  
research funding a t  a time when the re  is  a p le thora  of wel l - in tent ioned 
programs competing f o r  appropr ia ted d o l l a r s  during t h i s  period of 
i n f l a t i o n  when t h e  purchasing power of the  d o l l a r s  t h a t  we do have de- 
c reases  every year .  
Actual ly  t o t a l  f e d e r a l  and non-federal funds f o r  a g r i c u l t u r a l  re- 
search has  increased a t  an  average annual r a t e  of 8 .7  percent s i n c e  1955. 
I n  a d d i t i o n  t o  r i s i n g  i n f l a t i o n  a f f e c t i n g  our cos t s  of supp l i e s  and 
equipment we have faced s p i r a l i n g  c o s t s  i n  s a l a r i e s ,  matching funds f o r  
f r i n g e  b e n e f i t s  and now d r a s t i c  inc reases  i n  t h e  Soc ia l  Secur i ty  t ax .  
Earmarking funds f o r  research on c e r t a i n  commodities has reduced t h e  
admin i s t r a to r s  f l e x i b i l i t y  i n  s h i f t i n g  funds t o  meet changing p r i o r i t i e s .  
The o t h e r  s i d e  of t h e  coin, however, which has  l e d  t o  our discourage- 
ment a s  s c i e n t i s t s  and admin i s t r a to r s  i n  a g r i c u l t u r a l  research is  t h e  
r ap id  inc reases  i n  support  f o r  o t h e r  a reas  of sc ience accompanied by a 
d r a s t i c  dec l ine  i n  t h e  proport ion of t h e  t o t a l  research funds going i n t o  
a g r i c u l t u r e .  It i s  no t  t h a t  we ob jec t  t o  t h e  development of o t h e r  a reas  
of s c i e n t i f i c  endeavor bu t  t h a t  a t  t h i s  time of diminishing values  of t h e  
d o l l a r  we have a r e a l  need t o  sha re  i n  t h i s  s e v e r a l  fo ld  increase .  Our 
p resen t  f e e l i n g s  a r e  t h a t  we a r e  excluded from meaningful inc reases .  The 
Executive budget r ecen t ly  submitted t o  Congress demonstrates t h e  po in t .  
Even a t  a time when i t  appears t h a t  food w i l l  be  i n  s h o r t  supply world 
wide and t h a t  fo re ign  s a l e s  of a g r i c u l t u r a l  commodities a r e  one of t h e  
main means of eas ing  the  balance of payments s i t u a t i o n  we s t i l l  cannot 
generate  enthusiasm f o r  a g r i c u l t u r e  research.  
Where have we f a i l e d  and what a l t e r n a t i v e s  do we have? It is  obvious 
t h a t  a g r i c u l t u r a l  research s c i e n t i s t s  and a g r i c u l t u r e  producers have 
been about t h e i r  main business  t o  the  exclusion and even d i sda in  of 
engaging i n  pub l i c  r e l a t i o n s  and being a c t i v e  i n  t h e  p o l i t i c a l  process .  
We simply must in f luence  t h e  th inking and a t t i t u d e s  of t h e  general  publ ic .  
We have not  go t t en  t h e  po in t  across  t h a t '  research f o r  t h e  continued high 
product ion of food crops a t  economical p r i ces  under changing condi t ions  
must be  a continuous process.  Our spokesmen have been a c t i v e  on our  be- 
h a l f  f o r  s e v e r a l  years  but i t  should be  a concern of each of us. Seek 
o p p o r t u n i t i e s  t o  p r e s e n t  your  message t o  l o c a l  c i v i c  groups.  Do n o t  
ove r look  youth  groups a s  t hey  a r e  tomorrow's v o t e r s .  Even members of  ou r  
commodity groups shou ld  b e  reminded of  t h e  need f o r  r e s ea r ch .  They need 
u rg ing  t o  e x p r e s s  t h e i r  concerns  t o  t h e  cong re s s iona l  r e p r e s e n t a t i v e s .  
You r e s e a r c h e r s  have done a n  e x c e l l e n t  job  i n  c a l l i n g  a t t e n t i o n  t o  t h e  
s p e c i a l  problems i n  p i n e  v o l e  c o n t r o l  and t h e  e x t e n s i v e  d e s t r u c t i o n  of  
which t h e  roden t  is  capab l e .  The a p p l e  e a t i n g  p u b l i c  i n  g e n e r a l  is  
i g n o r a n t  of  t h i s  a s  w e l l  as o t h e r  p roduc t i on  problems. Thus educa t i ng  
and i n f l u e n c i n g  t h e  a t t i t u d e s  of  t h e  g e n e r a l  p u b l i c  s t i l l  remains.  To 
summarize t h i s  s e c t i o n  - g e t  involved  and i nvo lve  your growers i n  educa- 
t i o n  and t h e  p o l i t i c a l  p roce s s  a t  a l l  l e v e l s .  
On t h e  g e n e r a t i o n  of funds  l e t  u s  t a k e  a  look  a t  p r o j e c t  p r e p a r a t i o n .  
At t h e  working s c i e n t i s t s '  l e v e l  i t  is  unde r s t andab l e  t h a t  much a t t e n t i o n  
is  g iven  t o  s t a t i n g  o b j e c t i v e s  c l e a r l y  and g i v i n g  d e t a i l s  of  t h e  method- 
o logy  t o  b e  employed i n c l u d i n g  s t a t i s t i c a l  a n a l y s i s  of  t h e  d a t a .  Not 
enough emphasis  is  g iven  t o  t h e  b e n e f i t s  t o  b e  de r i ved  from t h e  r e s e a r c h  
o r  any d i s c u s s i o n  of  t h e  p o s s i b l e  c o s t f b e n e f i t  r a t i o  t h a t  could  b e  ex- 
pec t ed .  The r a t e  of  r e t u r n  from c u r r e n t  and a d d i t i o n a l  inves tments  i n  
p roduc t i on  a g r i c u l t u r e  r e s e a r c h  f o r  a p p l e s  is  e s t i m a t e d  t o  b e  36 pe rcen t  
whereas t h e  o v e r a l l  ave r age  r a t e  i n  t h e  economy of t h e  United S t a t e s  is  
1 5  p e r c e n t .  The r e t u r n s  from r e s e a r c h  expressed  a s  d o l l a r s  wherever 
p o s s i b l e  a r e  p a r t i c u l a r l y  a p p r o p r i a t e  i n  t h e  p rog re s s  r e p o r t  on t h e  CRIS 
forms.  These f i g u r e s  a r e  combined and perhaps  may i n f l u e n c e  OMB i n  t h e i r  
c o n s i d e r a t i o n s .  
It may be  t ime t o  spend more e f f o r t  w i t h  s t a t e  l e g i s l a t o r s  t o  i n -  
c r e a s e  r e s e a r c h  funds  f o r  a g r i c u l t u r e .  A few states have had some s u c c e s s  
r e c e n t l y  i n  s p i t e  of  t h e  tremendous compe t i t i on  f o r  t a x  d o l l a r s .  E n l i s t  
t h e  a i d  of urban  r e p r e s e n t a t i v e s .  Most r e a sonab l e  people  w i l l  respond 
f avo rab ly  t o  a  we l l - p r e sen t ed ,  f a c t u a l  and l o g i c a l  p roposa l  t h a t  i n -  
vo lve s  food commodit ies,  a  d a i l y  n e c e s s i t y .  We a r e  going t o  need t h e  
suppo r t  of  t h e  urban  group f o r  any g a i n s  i n  r e s e a r c h  fund ing  f o r  t h e  
f u t u r e .  I n  p r o j e c t  p roposa l s  and p rog re s s  r e p o r t s  u l t i m a t e  b e n e f i t s  t o  
t h e  consumers must be  prominent ly  de f i ned .  
Another s o u r c e  of  funding ,  which a t  VPI & SU is  of  g r e a t  impor tance  
s i n c e  n e a r l y  one - th i rd  of  t h e  Co l l ege  of A g r i c u l t u r e  and L i f e  Sc i ences '  
o p e r a t i n g  budget  is  gene ra t ed  from t h i s  sou rce ,  a r e  g r a n t s .  Many of you 
have  l e a r n e d  t h a t  you must expec t  many r e j e c t i o n s  f o r  each succe s s  and 
t h a t  you must keep  s u b m i t t i n g  p roposa l s .  A g r a n t  t o  b e  t r u l y  b e n e f i c i a l  
must supplement your  ongoing r e s e a r c h  program. An e f f o r t  t o  i d e n t i f y  and 
t a l k  t o  t h e  g r a n t s  program a d m i n i s t r a t o r  w i l l  b e  t ime w e l l  s p e n t .  Formu- 
l a t e  c r i t i c a l  q u e s t i o n s  i n  advance,  be  t enac ious  and o b t a i n  your  answers 
b u t  remember t h e s e  a r e  ve ry  busy people .  Enlarge  your  v i s i o n  i n  your  
grantsmanship  e f f o r t .  Develop c o o p e r a t i v e  p roposa l s  whenever p o s s i b l e  a s  
i t  should  s t r e n g t h e n  t h e  p roposa l  f o r  a l l  concerned.  Again l e t  me remind 
you t o  keep  t h e  u l t i m a t e  consumer goa l  i n  mind and t h e  d o l l a r  b e n e f i t  of  
t h e  r e s e a r c h  i n  r e l a t i o n  t o  i t s  c o s t .  
I n  summary we seem t o  b e  i n  a  c r i s i s  i n  funding  a g r i c u l t u r e  r e s e a r c h .  
W e  seem t o  be  d e a l i n g  w i t h  a  p u b l i c  who t ake s  t h e i r  "food and f i b e r "  
b l e s s i n g s  f o r  g r an t ed .  We have made some p rog re s s  i n  Congress,  e .g. ,  t h e  
Na t i ona l  A g r i c u l t u r e  Research ,  Ex t ens ion  and Teaching Po l i cy  Act of  1977, 
which emphasizes r e s e a r c h  needs .  We must ma in t a in  our  i n t e g r i t y  and 
o r g a n i z a t i o n ,  keep  a c t i v e  i n  t h e  p o l i t i c a l  p roce s se s  and when e v e n t s  
occu r  t h a t  s h i f t  t h e  t i d e s  even t h e  l e a s t  b i t  i n  o u r  f avo r  we w i l l  b e  
ready  t o  a c t  a s  a  group and ach i eve  a  b e t t e r  response  f o r  ou r  r e q u e s t s  f o r  
i n c r e a s e d  r e s e a r c h  funding .  
RESEARCH NEEDS: PINE VOLE DEPREDATIONS 
G. K. LaVoie and H. P. T i e t j e n  
Pine vo les  ( P i t  m s  inetorum (Audubon and Bachman), o r  Micro tus  
p ine to rum ~ L e C o n G d % ~ p e s t s  o f  s i g n i f i c a n t  economic importance t o  
o rcha rd i s t s  i n  severa l  eastern and nor theastern  s ta tes .  The purpose 
o f  t h i s  r e p o r t  i s  t o  s e l e c t i v e l y  rev iew t h e  s t a t u s  o f  p ine  v o l e  
research from t h e  con t ro l ,  h i o l o g i c a l ,  eco log ica l ,  and behav iora l  
aspects, and t o  recornend the research needed t o  develop e f f e c t i v e ,  
economical, and s a f e  programs f o r  c o n t r o l  l i n g  t h i s  problem. 
THE PINE VOLE PROBLEM 
Pine vo les  are causing an es t imated annual $50 m i l l i o n  l o s s  i n  
app le  product ion  i n  eastern  and nor theastern  U.S. These animals are  
considered by  many o r c h a r d i s t s  t o  be t h e  most se r i ous  animal pes t  i n  
orchards. No o t h e r  pest-caused a g r i c u l t u r a l  problem i s  d r i v i n g  
o r c h a r d i s t s  ou t  o f  business. On severa l  farms i n  New York State,  more 
than 75 percent  o f  t h e  t r e e s  have been k i l l e d  h y  p ine voles.  
D i r e c t  l o s s  i n  New York alone i s  es t imated a t  $12 m i l l i o n  annu- 
a l l y .  McCue (1977) es t imated the  reduc t i on  i n  apple p roduc t i on  i n  
V i r g i n i a  f o r  t h e  p e r i o d  1973-75 a t  $11 m i l  l i o n  annual1 y. These 
est imates probab ly  are conservat ive.  Apple growers, ex tens ion spe- 
c i a l i s t s ,  researchers,  and i n d u s t r y  o rgan i za t i ons  have descr ibed s ig -  
n i f i  cant losses o f  apple t r e e s  and reduced v i g o r  i n  damaged t r e e s  
throughout t h e  range o f  t h e  p ine  vo le  (Pearson 1977, Smith 1977, Ko lbe 
1977, McCue 1977, C la rk  1977, B u t l e r  1977, Showal t e r  1977, Lowe 1977, 
Barber 1977, Ferguson 19771. 
Damage t o  food crops hy p ine  vo les  was noted over 100 years ago by  
K e n n i c o t t  118571. Hamil t on  (1935) es t imated t h a t  o rchard  mice 
(M ic ro tus  spp.) caused a  $500,000 annual l o s s  t o  f r u i t  t r e e s  i n  New 
York, and he repo r ted  a  s i m i l a r  f i g u r e  f o r  Connect icut .  Garlough 
(1944) descr ibed an orchard  near Charleston, West V i r g i n i a ,  i n  which 
one thousand 18-year -o ld  t r ees  were k i l l e d  by  p ine  voles.  
Pine v o l e  damage t o  apple t r e e s  i s  u s u a l l y  conf ined t o  subsurface 
r o o t  des t ruc t i on  i n  c o n t r a s t  t o  sur face t runk g i r d l i n g  b y  meadow vo les  
(M ic ro tus  ennsylvanicus).  Larger r o o t s  a re  f r e q u e n t l y  comple te ly  
s t r i pped  o f  5-T-a- ar an cambium w h i l e  smal le r  r o o t s  are e n t i r e l y  c u t  away. 
HISTORICAL REVIEW 
Taxonomy and D i s t r i b u t i o n .  One member o f  t h e  genus Microtus,  subgenus 
Pitym,ys, occurs i n  t h e  Un i ted  States.  The subgenus conta ins  two 
spec ies  and s i x  subspecies. Only two o f  these subspecies, y. e. 
p inetorum and M. e. scalopsoides a re  considered w i t h i n  t he  scope of 
t h i s  repo r t .  The former  occurs f rom V i r g i n i a  south t o  Georgia and 
Alabama and west t o  I l l i n o i s .  The l a t t e r  occurs from V i r g i n i a  n o r t h  
i n t o  New England, west i n t o  Iowa, and thence south t o  Kentucky ( H a l l  
and Kelson 19591. 
Reproduction. The 1  i t e r a t u r e  c l e a r l y  def ines  a  r e l a t i v e l y  low repro-  
d u c t i v e  p o t e n t i a l  f o r  p i ne  voles.  Embryo counts f r om numerous s tud ies  
i n d i c a t e  a  mean l i t t e r  s i z e  o f  approximately two w i t h  a  maximum o f  
f o u r  (Hamil ton 1935, Richmond and Roslund 1949, G i f f o r d  and Whitehead 
1951, Roberts and E a r l y  1952, H o r s f a l l  1963, M i l l e r  and Getz 1969, 
Paul 19701. The breed ing season appears cont inuous f rom about February 
t o  October-November th roughout  t he  range o f  t h e  p ine v o l e  (Hamil ton 
1935, Benton 1955, M i l l e r  and Getz 1969, Paul 19701. The annual peak 
i n  breed ing a c t i v i t y  occurs i n  September-October. Recent evidence 
p rov ided  by H o r s f a l l  119631 and Richmond e t  a l .  (19771 i n d i c a t e s  
females were pregnant each month o f  t h e  year.  Thus, i t  appears t h a t  
t h e  du ra t i on  o f  t h e  breed ing season may be c o n t r o l l e d  by  geographic 
and phys ioqraph ic  i n f l uences  and o t h e r  environmental  f a c t o r s .  Paul 
(1970) repo r ted  a  p o t e n t i a l  o f  up t o  12.5 l i t t e r s  female/year. The 
e s t a t i o n  p e r i o d  f o r  c a p t i v e  females i s  approximately 24 days 
!K i r kpa t r i ck  and Va len t i ne  19701. 
Popu la t ion  S t ruc tu re .  Pine v o l e  sex r a t i o s  have been repo r ted  as 1:1, 
and du r i ng  the  sumner months 45 percent  o f  t h e  popu la t i on  cons i s t s  o f  
subadu l ts  and young ( M i l l e r  and Getz 1969, Paul 1970). Extreme v a r i -  
a t i o n s  i n  bo th  r a t i o s  were noted depending on popu la t i on  dens i ty ,  
r ep roduc t i ve  a c t i v i t y ,  and t ime o f  year. 
Longev i ty .  The low s u r v i v a l  t ime f o r  p ine  vo les  i s  descr ibed by  
Richmond and Roslund 119491, G i f f o r d  and Whitehead (19511, Roberts and 
E a r l y  '19521, Conner (1960), 19661, and Gentry (1968). M i l l e r  and 
Getz (1969) show t h a t  o n l y  about 19 percent  o f  males and females were 
recaptured 3 months a f t e r  t h e i r  f i r s t  capture.  Hayne f1977), i n  h i s  
p r o j e c t i o n  o f  s u r v i v a l  r a t e s  over  t ime, suggests t h a t  a  popu la t i on  o f  
p i n e  vo les  would be e l im ina ted  (reduced t o  I percent  o f  i t s  o r i g i n a l  
s i z e \  i n  about 330 days--assuming no recru i tment .  The average and 
maximum s u r v i v a l  t imes shown b y  M i l l e r  and Getz (1969) was 2-6 months 
and 17 months, r e s p e c t i v e l y ,  s i m i l a r  t o  those descr ibed by  Bu r t  (1940) 
and S t i c k e l  and Warbach (1960). 
Popu la t ion  Cycles and F luc tua t i ons .  Pine v o l e  popu la t i ons  have been 
descr ibed as c y c l i c ,  h u t  t h e r e  have been few long-term s tud ies  spe- 
c i f i c a l l y  designed t o  s tudy t h i s  phenomenon and t h e  pub l ished data  are  
somewhat con t rad i c to ry .  Hamil ton (1935, 19381 c i t e s  t h ree  ins tances 
where p ine  v o l e  popu la t i ons  d r a s t i c a l l y  decreased o r  increased d u r i n g  
pe r i ods  o f  2-5 years. He a t t r i b u t e d  these f l u c t u a t i o n s  t o  c y c l i c  
behavior.  Benton (19551, however, found no evidence o f  c y c l i c  tend- 
enc ies  du r i ng  h i s  study. Annual f l u c t u a t i o n s  i n  popu la t i on  d e n s i t y  
a re  descr ibed b y  Benton (19551, Gentry (19681, M i l l e r  and Getz (1969), 
Paul (1970\ and G e t t l e  11975). Popu la t ion  d e n s i t y  va r i ed  w ide l y  
w i t h i n  and between s p e c i f i c  l oca les  and appeared t o  be r e l a t e d  t o  
i n t e r a c t i o n s  between environmental  cond i t i ons  and i n t r i n s i c  f a c t o r s .  
For example, G e t t l e  (19751 found t h a t  p ine v o l e  popu la t i ons  i n  
Pennsylvania were h ighes t  bu t  l e s s  mob i l e  i n  t h e  f a l l  and lowest  and 
more mob i l e  i n  t h e  spr ing .  
Popu la t ion  Densi ty.  Accurate es t imates  o f  p i ne  vo les  per  u n i t  area i n  
orchards are d i f f i c u l t  t o  p r o j e c t  because h a b i t a t  f a c t o r s  (topography, 
s o i l  type, s o i l  mo is tu re )  can have a  s i g n i f i c a n t  impact on d i s t r i b u -  
t i o n .  H o r s f a l l  (1951, 1964) es t imated vo le  dens i t y  a t  c l ose  t o  80 per  
acre  [approx imate ly  2 per  t r e e )  i n  a  h e a v i l y  i n f e s t e d  orchard  i n  
V i r q i n i a .  Hamil t on  (19381 es t imated p o p ~ ~ l a t i o n s  as h i g h  as 200-300 
per  acre  i n  an app le  o rcha rd  i n  New York. Popu la t ion  d e n s i t i e s  i n  
non-orchard or  na tu ra l  h a b i t a t s  (mixed wood1 ands) are no rma l l y  
s i g n i f i c a n t l y  l ess  than t h a t  found in -orchard  ( S t i c k e l  and Warbach 
1960). Thus, i t  appears t h a t  t h e  orchard  environment prov ides p i n e  
vo les  an optimum h a b i t a t  w i t h  maximum c a r r y i n g  capac i ty .  A s i n g l e  
burrow system no rma l l y  p rov ides  space f o r  one t o  t h r e e  p ine  voles,  
a l teouqh Byers (1.977) found extremes o f  up t o  22 vo les  per t r e e  i n  
V i r g i n i a .  Byers a l s o  observed t h a t  under se r i ous  damage s i t u a t i o n s  it 
was n o t  uncomnon t o  f i n d  up t o  10 percent  o f  t h e  t r e e s  ha rbo r i ng  e i g h t  
or  more p i n e  voles.  
H a b i t a t  (o rchard  on ly ) .  Pine vo les  a re  b a s i c a l l y  f o s s o r i a l .  Burrows, 
1 t o  2 inches i n  dizmeter,  are g e n e r a l l y  ve ry  shallow, u s u a l l y  no more 
than 3 o r  4 inches deep b u t  occas iona l l y  may a t t a i n  a depth o f  a f o o t  
o r  more. The deeper zones o f  t h e  burrow system are u s u a l l y  con f i ned  
t o  t h e  t r e e  t r u n k  area. Nests and food caches are  u s u a l l y  found i n  
these deep systems (Byers 1977). Surface and subsurface runways are  
u s u a l l y  con f i ned  w i t h i n  t h e  d r i p l i n e  o f  i n d i v i d u a l  t rees .  On t h e  
sur face,  t h e  presence o f  p i n e  vo les  i s  i n d i c a t e d  by  t r a i l s ,  p a r t i a l  
tunne ls ,  mounds o f  s o i l  a t  t h e  t e rm ina l s  o f  a c t i v e  burrows, v e r t i c a l  
and near h o r i z o n t a l  burrow openings, and, a l l  too f r equen t l y ,  dead o r  
dy ing  app le  t rees .  
Movement and A c t i v i t y  Patterns.  Studies o f  p ine  v o l e  movements have 
centered around home range and d a i l y  movement pa t te rns .  Horsf  a l l  
(19561 noted 1/4 acre as a maximum home range i n  V i r g i n i a  app le  
orchards, b u t  considered t h e  average much smal ler .  F i t c h  f1958) 
repo r ted  t h a t  70 percent  o f  t h e  p ine  v o l e  recaptures  occurred w i t h i n  
10 yards  o f  p rev ious  captures.  S t i c k e l  and Warbach f1960), i n  a wood- 
1 and h a b i t a t ,  recorded movements o f  l e s s  than 40 yards f o r  14 o f  16 
p i n e  vo les  captured fou r  or  more t imes. M i l l e r  and Getz f1969) noted 
t h e  average maximum diameter o f  home ranges [g rea tes t  d i s tance  between 
captures  co r rec ted  f o r  t r a p  spacing) as 32.7 t o  33.7 meters f o r  females 
and males, r e s p e c t i v e l y .  Paul 119701 observed t h a t  t h e  home range and 
movement of p i n e  vo les  was r e l a t e d  t o  t r e e  spacing w i t h  co lon ies  o f  
mice occupying a one t o  f o u r  t r e e  area in t rarow.  This observat ion  was 
expanded on by S u l l i v a n  (1977) who found t h a t  an average o f  about 40 
percent  o f  t h e  p i n e  vo les  were captured i n  more than one row o f  t r ees ,  
and 13 percent  i n  more than two rows w i t h  l i n e a r ,  i n t r a r o w  movements 
o f  up t o  1.20 f e e t .  
Whi le  p ine  vo les  spend a cons iderab le  t i m e  underground, they  are 
e a s i l y  t rapped f rom su r face  runways. A c t i v i t y  pe r i ods  are about 
e q u a l l y  d i v i ded  hetween day and n i g h t  b u t  are sub jec t  t o  m o d i f i c a t i o n s  
r e l a t e d  t o  e x t r i n s i c  cond i t i ons  ( M i l l e r  and Getz 1969, Paul 1970). 
L i m i t i n g  H a b i t a t  Factors.  Hard,y 11945) found t h a t  s o i l  t e x t u r e  had a 
d i s t i n c t  e f f e c t  on t h e  l o c a l  d i s t r i b u t i o n  o f  mamnals. e s o e c i a l l v  t h e  
bur rowing o r  f o s s o r i a l  forms. Al though op in ions var;, a' conse&us 
i n d i c a t e s  t h a t  s o i l  t ype  ( l i g h t  s o i l s  and humus), r a t h e r  than t h e  com- 
p o s i t i o n  and d e n s i t y  o f  t h e  veqe ta t i ve  unders tory ,  i s  t he  most impor- 
t a n t  f a c t o r  i n  determin ing t h e  occurrence and d i s t r i b u t i o n  o f  p i ne  
vo les  (Hansen 1946, Jameson 1949, N e i l 1  and Boyles 1.355, Foreman 1956, 
Paul 1970). S tud ies  by  F i she r  (1976) suggest t h a t  p ine  vo les  r e q u i r e  
s o i l s  w i t h  g rea te r  t han  35 percent  gravel ,  20 percent  c l a y  and 25-48 
pe rcen t  sand. 
M i l l e r  and Getz (1969) concluded t h a t  t h e  d i s t r i b u t i o n  o f  p i ne  vo les  
was e s s e n t i a l l y  r e s t r i c t e d  t o  moist ,  we l l  d ra ined s i t e s .  Paul (1970) 
a l so  exp lored the  p o s s i b i l i t y  t h a t  s o i l  mo is tu re  was a  c r i t i c a l  f a c t o r  
i n  s i t e  s e l e c t i o n  b y  p i n e  voles,  i.e., areas where t r a p  success was 
h i g h  d u r i n g  wet per iods  y ie lded  poor t r a p  response du r i ng  t h e  d ry  
season. Benton 11955) and Paul 11970) a t t r i b u t e d  t h i s  low t r a p  suc- 
cess t o  v e r t i c a l  downward m ig ra t i on .  However, i t  i s  p o s s i b l e  t h a t  
n a t u r a l  m o r t a l i t y  and/or 1  a t e r a l  m ig ra t i on  might a1 so have occurred. 
Food Hab i t s  Preferences and N u t r i t i o n .  The l i t e r a t u r e  on p ine  v o l e  
food h a b i t s  dates back over  100 years; however, t o  t h e  present  day, 
few if any long-term s tud ies  have been conducted t o  develop a  com- 
prehens ive  p i c t u r e  o f  i n t e r - i  n t ra-orchard  d ie t s ,  preferences, n u t r i -  
t i o n  and seasonal v a r i a t i o n  i n  t h e  d i e t .  I n i t i a l  i n v e s t i g a t i o n s  
{Audubon and Bachman 1851) mentioned peanuts and seeds o f  grama grass 
(Bouteloua spp. ) as d i e t a r y  components. Underground p l a n t  p a r t s  a re  
f r e q u e n t l y  mentioned as p r e f e r r e d  foods (Quick and B u t l e r  1885, Hahn 
1908, Schmidt 1931). Perhaps t9e f i r s t  re ference t o  bark damage was 
noted h y  Kennecott  (1857). Whi le some authors f e l t  t h a t  p i ne  voles 
f e d  m a i n l y  on succu lent  r o o t s  and tubers  (Hamil ton  1938), more recen t  
add i t i ons  t o  t h e  l i t e r a t u r e  show t h a t  d i e t  i s  more var iab le ,  i n c l u d i n g  
bo th  above- and be1 ow-ground p l a n t  pa r t s .  I n d i c a t i o n s  o f  o p p o r t u n i s t i c  
feed ing were descr ibed b y  G i f f o r d  and White9ead (1951) who repo r ted  
vo les  w i t 9  s ta ined  abdominal w a l l s  f rom e a t i n g  p i kehe r r i es ,  w h i l e  t he  
f l e s h  o f  another group o f  vo les  smel led s t r o n g l y  o f  w i l d  onion ( A l l i u m  
sppl .  Benton 119551 s ta ted  " t he  orchard  p ine  mouse appears t o  subs i s t  
l a r g e l y  on grass r o o t s  and stems du r i ng  the  sumner, f r u i t  and seeds 
d u r i n g  t h e  f a l l ,  and bark,  r o o t s  and p o s s i b l y  s tored food du r i ng  t h e  
w in te r . "  Benton a l s o  repor ted t h a t  t h e  normal d i e t  conta ined on l y  
smal l  amounts o f  animal mat ter ,  ye t  Sim 11934) found t h a t  vo les  r e a d i l y  
accepted 1  arvae o f  Japanese b e e t l e  ( P o p i l l i a  japon ica) .  Various 
sources i n d i c a t e  t h a t  app le  t r e e  r o o t s  are  n o t  a  p r e f e r r e d  food. 
K i r k p a t r i c k  and No f f s i nge r  13977) found t h a t  p ine  vo les  f e e d  p r i m a r i l y  
on ahove ground veqe ta t i on  (grasses and f o r b s )  and feed on r o o t s  o n l y  
when o the r  foods are i n  s h o r t  supply.  They found some r o o t  'apple 
t r e e )  f ragments i n  t he  stomachs t9rouqhout most o f  t h e  year b u t  l a r g e r  
amounts (7  t o  14 percent  o f  t h e  i d e n t i f i a b l e  epidermal m a t e r i a l )  were 
found on1 y du r i ng  t h e  January-March per iod .  Th is  observat ion  tends t o  
i s o l a t e  t 9 e  w in te r  months as t h e  major  p e r i o d  o f  app le  t r e e  damage by  
p ine  voles.  
Evidence o f  food caching by p ine vo les  i s  c o n f l i c t i n g ,  b u t  most 
authors tend t o  agree t + a t  p ine vo les  cache roots tocks ,  stems, and 
leaves i n  bo th  orchard  and n a t u r a l  hah i t a t s .  
Recent s tud ies  5 y  Nof f s i nge r  (19761 and Estep e t  a l .  f1977) i n d i c a t e  
t h a t  well-managed orchards prov ide p ine  v o l e  popu la t i ons  w i t h  an i d e a l  
h a b i t a t  f r om t 9 e  s tandpo in t  o f  n u t r i t i o n .  They found t h a t  w h i l e  body 
f a t  l e v e l s  were n o t  c o n s i s t e n t l y  d i f f e r e n t  hetween managed and aban- 
doned orchards,  t h e r e  was a  marked d e c l i n e  i n  f a t  s to res  dur ing  t h e  
autumn mont3s i n  ahandoned orchards.  The d r y  weights and percent  
d i g e s t i b l e  energy o f  the stomach contents  were markedly lower i n  vo les  
f rom abandoned orchards, e s p e c i a l l v  du r i ng  t h e  e a r l y  autumn. 
Behavior. Basic and app l i ed  s tud ies  o f  p ine  v o l e  behav ior  are almost 
nonex is tent .  A sampl ing f rom t h e  l i t e r a t u r e  shows t + a t  a l l  behav io ra l  
research i s  keyed t o  two phenomena--inter-species assoc ia t i ons  ( F i t c h  
1958, Calhoun 1954, 1964, Paul 1970) and i n t ra -spec ies  antagonism 
{K imbal l  1972). 
CONTROL METHODS 
L i t t l e  e f f o r t  was expended t o  develop ways and means t o  c o n t r o l  
p i ne  vo les  ( o r  damage) u n t i l  1934 when t h e  U.S. F i s h  and W i l d l i f e  
Serv ice  i n i t i a t e d  a  program t o  eva luate  t ox i can ts ,  b a i t s  and b a i t i n g  
techniques. Much t ime and e f f o r t  +as been spent on t b i s  avenue o f  
research by  t h e  Federal  government and o the r  agencies and groups w i t h  
few e f f o r t s  made t o  g a i n  a  b e t t e r   understanding o f  t h e  p ine  vo le /  
o rchard  problem. I n  recent  years t h e  i n i t i a t i v e  f o r  b a s i c  and app l i ed  
research and t+e development and eva lua t i on  o f  new c o n t r o l  methods has 
s h i f t e d  f rom t h e  USFWS IDWRC) t o  o the r  agencies, p r i m a r i l y  s t a t e  
u n i v e r s i t i e s  and Cooperat ive W i l d l i f e  Research U n i t s  i n  t h e  problem 
area. 
Many p u b l i c a t i o n s  d e t a i l  ways and means o f  c o n t r o l l i n g  p ine  vo les  
w i t h  po ison b a i t s ,  most u t i l i z i n g  m a t e r i a l s  such as z i n c  phosphide, 
chlorophacinone (Rozo l l  and diphacinone (Ramik Brown) on e i t h e r  g r a i n  
o r  cubed apple c a r r i e r s  fOINeal 1977, Byers 1977). When p r o p e r l y  ca r -  
r i e d  out ,  these methods can be e f f e c t i v e ,  o f f e r i n g  temporary r e l i e f  
( T i e t j e n  1969, Byers 1977). However, f i e l d  t r i a l s  employing these 
agents i n d i c a t e  t ha t ,  w h i l e  t h e y  are e f f e c t i v e  i f  used on a  cons i s ten t  
bas is ,  they  a l l  s u f f e r  f rom ce- ta in  comnon weaknesses--(l) t ime-cost  
economics, ( 2 )  lack  o f  t r a i n e d  and dedicated app l i ca to rs ,  and 131 
i nhe ren t  use 1  i m i t a t i o n s  ( i f  app l i ed  mechan ica l ly ) .  These shortcom- 
i n g s  r e s t r i c t  general  acceptance and use o f  t o x i c  b a i t s  i n  many areas. 
The development o f  end r i n  as an area spray f o r  c o n t r o l l i n g  p ine  
vo les  (Horsf  a l l  1954, 2956 1 has a l s o  rece i ved  much pub1 i c i t y - - a t  l e a s t  
95 p u b l i c a t i o n s  d e a l i n g  d i r e c t l y  w i t h  t h e  p ros  and cons o f  i t s  use i n  
orchards  and c o n i f e r  p lan ta t i ons .  The technique has met w i t h  ques- 
t i  onable success. Hayne 11970) concluded t h a t  endr i  n  ground spray f o r  
t h e  c o n t r o l  o f  p i ne  vo les  . . . "may on occasion reduce a c t i v i t y  i n  
orchards." The reasons f o r  t h e  f a i l u r e  o f  end r i n  under c e r t a i n  cond i -  
t i o n s  a re  n o t  r e a d i l y  apparent; however, bo th  e n d r i n  res i s tance  i n  
some popu la t i ons  (Webb and H o r s f a l l  1967, Byers 1977) and t h e  charac- 
t e r i s t i c s  o f  t h e  v e g e t a t i v e  ground cover (Webb and H o r s f a l l  1969) have 
an impact on t h e  e f f ec t i veness  o f  t h i s  con tac t  t ox i can t .  H o r s f a l l  
f u r t h e r  speculated t h a t  t h e  occurrence. and abundance o f  p i ne  vo les  i s  
regu la ted  by  ground cover type, and t h a t  end r i n  spray t reatment i s  
i n e f f e c t i v e  i n  heavy grass cover becauss grasses are  n o t  a  p r e f e r r e d  
food. A d d i t i o n a l  d i f f i c u l t i e s  w i t h  end r i n  may he encountered i n  t h e  
fo rm o f  res idues  on f r u i t  and hazards t o  nontarget  species. Numerous 
recomnendations aga ins t  i t s  use i n  orchards appear i n  t h e  1  i t e r a t u r e  
{Ead ie  1957, Hamil t on  1966, Small 1958, F i t zwa te r  1953, MacNay 1965). 
I n  s p i t e  o f  t h e  many problems assoc ia ted w i t h  t h e  use o f  endr in,  many 
growers f e e l  it prov ides t h e i r  main (and on l y )  l i n e  o f  defense aga ins t  
p ine  v o l e  damage and i t  i s  s t i l l  used i n  some apple growing reg ions 
du r i ng  t h e  dormant season. However, t h e  f u t u r e  o f  end r i n  i s  i n  doubt 
s i nce  i t  i s  under Rebut tab le  Presumption Against  R e g i s t r a t i o n  by  t h e  
EPA (Marklev 19771, and o the r  methods o f  c o n t r o l  are u r g e n t l y  needed. 
New c o n t r o l  techniques have been under eva lua t i on  i n  recen t  years 
and i n c l u d e  t h e  use o f  an t i coagu lan t - t r ea ted  b a i t s  (e.g., ch lorophac i -  
none { ~ o z o l ) ,  d ipbacinone {Ramick Brown), I C I  581, and LM 637), a n t i -  
coagu lant  area sprays, se lec ted he rb i c i des  t o  e l i m i n a t e  p r e f e r r e d  
foods (Byers 1977, Young 1977), and var ious  c u l t u r a l  techniques 
m o d i f y i n g  orchard  f l o r a  t o  des t roy  o r  enhance v o l e  h a b i t a t  fe.g., 
es tab l ishment  o f  b u f f e r  foods) .  
RESEARCH NEEDS 
V i t a l  q u a n t i t a t i v e  i n fo rma t i on  about t h e  p ine  v o l e  problem i s  
1  ack ing because pas t  research has emphasized chemical c o n t r o l .  The 
1  ong-heard c o n t e n t i  on 5y  some o r c h a r d i s t s  and s c i e n t i s t s  t h a t  research 
need o n l y  p rov ide  an e f f e c t i v e  chemical t o  k i l l  p ine  vo les  has i n  
recent  vears been l a r g e l y  rep laced by t h e  r e c o g n i t i o n  t h a t  t h e  p i n e  
v o l e  problem may be v e r y  amenable t o  nonchemical c o n t r o l  metbods. Only 
w i t h i n  t h e  pas t  few years has t h e  Se rv i ce  prov ided funds t o  u n i v e r s i -  
t i e s  f o r  s tud ies  on t h e  ecology o f  t h e  p ine  v o l e  problem. These 
s tud ies ,  though l i m i t e d  i n  scope, suggest t h a t  nonchemical c o n t r o l  
metbods may be v e r y  promising. 
The l i m i t e d  and d i s rup ted  d i s t r i h u t i o n  o f  p ine  voles,  bo th  sea- 
s o n a l l v  and geograph ica l ly ,  i n d i c a t e s  t h a t  t h i s  species i s  not  r e a d i l y  
adaptable t o  a  wide range o f  h a b i t a t  tvpes o r  cond i t i ons .  I f  t h e r e  
are c e r t a i n  f a c t o r s  t h a t  are 1  i m i t i n g  t h e  occurrence and abundance o f  
p i n e  vo les ,  and they can be detected, we may be ab le  t o  e x p l o i t  t h i s  
know1 edge t o  adversely a f f e c t  p i ne  v o l e  popu la t ions  by  man ipu la t i ng  
t h e i r  q a b i t a t .  Future  p ine  v o l e  research, t he re fo re ,  should b e  broad 
i n  scope and i nc lude  s tud ies  o f  t h e  economics o f  damage, p ine  v o l e  
b i o l o g y ,  phvs io loqy,  $ehavior,  movements, and h a b i t a t  requirements, as 
we l l  as t h e  developllent o f  c o n t r o l  methods. 
Economics o f  Damage/Damage Assessment 
Economic data  on t q e  impact o f  p i ne  vo le  damage t o  apple orchards 
are incomplete;  however, we do know t h a t  p ine vo les  are  causing i n t o l -  
e rab le  losses t o  o rcha rd i s t s .  Cur rent  l o s s  f i g u r e s  probab ly  are con- 
servat ive ,  s i nce  they are 5ased p r i m a r i l y  on t h e  cos ts  o f  t r e e  rep lace -  
ment and do not  r e f l e c t  d e c l i n i n g  y i e l d s  f rom vole-damaged t rees  over 
t h e  severa l  vears p r i o r  t o  replacement. Th is  lack  o f  q u a n t i t a t i v e  
damage data  i s  due t o  inadequate techniques f o r  measuring d e c l i n i n g  
y i e l d s  r e s u l t i n g  f rom subterranean damage t o  t r e e  r o o t s .  The develop- 
ment o f  a  technique t o  assess damage p r i o r  t o  replacement, p o s s i b l y  by 
p h v s i o - e l e c t r i c  measurement o f  t r e e  v igo r ,  i s  needed. Such damage 
assessment data  would prov ide:  (1  ) more r e l i a b l e  es t imates  o f  losses, 
1 3 )  a  b a s i s  f o r  de termin ing cost -benef i  t r a t i o s  o f  new c o n t r o l  meth- 
ods, (3)  a  method by  whicb t h e  o r c h a r d i s t  and researcher cou ld  de te r -  
mine the  e x t e n t  o f  i n f e s t a t i o n  w i t h i n  an orchard be fo re  ex tens i ve  t r e e  
l o s s  occurs, and 141 a  measure o f  e f f i c a c y  o f  exper imental  and cur-  
r e n t l y  used methods o f  p ine  v o l e  damage c o n t r o l .  
Ecology 
Pihe Vole/Meadow Vole Re1 a t i onsh ip .  Because p ine  and meadow vo les  
o f t e n  o c c u ~ y  t h e  same orchards,  t h e  r e l a t i o n s h i p s  between t h e  two spe- 
c i e s  i s  o f  p a r t i c u l a r  i n t e r e s t .  F i e l d  s tud ies  are  needed t o  determine 
what occurs when one o f  these species i s  e l im ina ted  f rom an orchard. 
Data a re  needed on t h e  i n t e r a c t i o n s  between p ine  and meadow vo les  and 
on t h e  changes i n  t h e  numbers and d i s t r i b u t i o n  o f  these species t h a t  
may occur th roughout  t h e  vear. Wi thout  knowledge o f  t h e  interdepend- 
encies o f  these species, c o n t r o l  measures may r e s u l t  i n  an even 
g rea te r  prohlem by  improv ing t h e  h a b i t a t  f o r  t h e  s u r v i v i n g  species. 
For example, t h e  c o n t r o l  o f  meadow vo les  i n  some orchards may have 
r e s u l t e d  i n  more severe p ine  v o l e  problems. 
Hab i t a t .  Research f i n d i n g s  i n d i c a t e  t h a t  c u l t u r a l  p rac t i ces ,  s o i l  
t v p e  [e.g., amounts o f  c lay ,  g rave l ,  sand, and humus), and composi t ion 
o f  unde rs to ry  vege ta t i on  are c o r r e l a t e d  w i t h  t h e  occurrence and d i s -  
t r i b u t i o n  o f  p i ne  vo les .  The occurrence o f  p ine vo les  a l s o  has been 
observed t o  be v i r t u a l l y  r e s t r i c t e d  t o  a c t i v e  apple orchards, and t h a t  
t h e i r  numbers a re  g r e a t l y  reduced o r  t hey  are absent i n  abandoned 
orchards.  Comparative i n t e r -  and i nt ra-orchard  s tud ies  are needed t o  
b e t t e r  d e f i n e  v o l e  h a b i t a t  requirements.  Such i n fo rma t i on  may p rov ide  
c lues  t o  ways o f  reduc ing p i n e  v o l e  popu la t ions .  
Food Habits.  The meager data  a v a i l a b l e  about p ine v o l e  food 
h a b i t s  i n d i c a t e s  t h a t  p i n e  vo le  dens i t y  dec l i nes  i n  orchards t r e a t e d  
f o r  severa l  years w i t h  he rb i c i des .  Grasses, when ava i l ab le ,  c o n s t i -  
t u t e  t h e  bu lk  o f  t'le vo le  d i e t .  The dependency on grasses a l so  may be 
t h e  cause o f  a  dec l i ne  o r  disappearance o f  p ine vo les  i n  abandoned 
orchards, which g e n e r a l l y  e x h i b i t  increased f o r b  dens i t y  and a  decrease 
i n  grasses. The r e l a t i o n s h i p  between h igh  p ine  v o l e  d e n s i t i e s  and the  
r a t i o  o f  grasses t o  f o r b s  requ i red  t o  ma in ta in  these h i g h  popu la t i on  
l e v e l s  i s  n o t  c l e a r  and r e q u i r e s  study. Studies o f  v o l e  food h a b i t s  
and t h e  e f f e c t s  o f  he rb i c i des  on orchard  vegeta t ion  are  needed i n  a  
wide v a r i e t y  o f  orchards w i t h  d i ve rse  vege ta t i ve  c o m p o s i t i o ~  and 
c u l t u r a l  p rac t i ces .  Such research has good p o t e n t i a l  f o r  p roduc ing 
low-cost c o n t r o l  methods. 
D i s t r i b u t i o n  o f  Voles i n  Orchards. The d i s t r i b u t i o n  o f  p i ne  vo les  
and assoc ia ted v e r t e b r a t e  fauna i n  orchard h a b i t a t  i s  no t  we l l  docu- 
mented. For  exam~ le .  Dine and meadow vo les  do n o t  u s u a l l y  i n h a b i t  t h e  
. - .  
basal  area o f  t he  same t ree.  Knowing t h e  d i s t r i b u t i o n  o f -  bo th  species 
i n  orchards,  t oge the r  w i t h  damage and popu la t i on  data, would p r o v i d e  a  
b a s i s  f o r  o p t i m i z i n g  c o n t r o l  techniques. 
Behavior and Phys io logy 
We are handicapped b y  our lack  o f  knowledge about t h e  behav ior  and 
phys io loqy  o f  p i n e  voles.  The 1  im i ted  h a b i t a t  and f o s s o r i a l  ex i s tence  
o f  p i ne  vo les  i n d i c a t e s  a  f i n e l y  tuned physiological-5ehavioral order.  
The d i s tu rbance  o f  t h i s  o rde r  cou ld  r e s u l t  i n  a  reduc t i on  o f  t h i s  pes t  
species. Sensorv systems, such as o l f a c t i o n ,  perhaps i n  r e l a t i o n  t o  
rep roduc t i on  o r  t h e  i d e n t i f i c a t i o n  o f  foods or  o f  o ther  i n h a b i t a n t s  
w i t h i n  t h e  community, would seem t o  o f f e r  a  reasonable s t a r t i n g  p o i n t  
f o r  such i n v e s t i g a t i o n s .  The sporad ic  a c t i v i t y  o f  vo les  may be cued 
by environmental  f ac to rs .  The i d e n t i f i c a t i o n  o f  these behav io ra l  cues 
may show t h a t  they  are amenable t o  d i s rup t i on .  T h i s  area of i n q u i r y  
i s  so broad and unexplored t h a t  v i r t u a l l y  any p o i n t  o f  i n v e s t i g a t i o n  
cou ld  l ead  t o  t h e  development o f  c o n t r o l  methods. 
Movements 
Seasonal. Al though d a i l y  movements and home ranges have been 
f a i r l y  we l l  determined, seasonal movements have not  been i nves t i ga ted .  
Theor ies rega rd ing  t h e  v e r t i c a l  and h o r i z o n t a l  movement o f  p ine  vo les  
i n  response t o  c l i m a t i c  s t resses fsumner and w i n t e r )  are specu la t ive .  
However, i t  seeems reasonable t h a t  extremes i n  s o i l  mo is tu re /  
temperature, and c l i m a t i c  cond i t i ons  cou ld  be important i n  i n i t i a t i n g  
movements. Data on t h e  i n f l u e n c e  o f  c l i m a t i c a l l y  induced s t ress  and 
i t s  r e s u l t i n g  e f f e c t s  on t h e  p i n e  vole,  whether i t  be movement, mor- 
t a l i t y ,  o r  o the r  behavior,  w i l l  y i e l d  va luab le  knowledge about t h e  
pe r i ods  of g r e a t e s t  vu l  n e r a b i l i t y  t o  con t ro l .  
Imniqrat ion/Emi r a t i o n .  We do no t  know t h e  ex ten t  and d is tances 
i n v o l v e d  i n  v o l e  i z i g r a t i o n  and emigra t ion  i n t o  and from s tab le  (non- 
c o n t r o l l e d  popu la t ions ,  areas where popu la t i ons  are  suppressed, o r  
areas adjacent t o  suppressed areas. The i n t e r -  and i ntra-behavi  o r  
between p ine  v o l e  r e s i d e n t s  and imnigrants  i s  n o t  known. Knowledge of 
movements and assoc ia ted behav ior  would p rov ide  data  f o r  determin ing 
t h e  frequency o f  a p p l i c a t i o n  o f  c o n t r o l  methods and f o r  determin ing 
t h e  need f o r  e i t h e r  separate o r  simultaneous c o n t r o l  o f  p i n e  vo les  
and/or meadow voles.  
Popu la t i on  Dynamics 
Popu la t ion  Density/Damage Po ten t i a l .  Orchards have been observed 
where h i g h  v o l e  popu la t i ons  do no t  cause s i g n i f i c a n t  damage. Con- 
ve rse l y ,  i n  o t h e r  orchards, major  problems have been caused b y  on l y  a  
few animals. S tud ies  are needed, t he re fo re ,  t o  determine t h e  r e l a -  
t i o n s h i p  between p ine  v o l e  d e n s i t i e s  and the  amount o f  v o l e  damage a t  
va r i ous  seasons o f  tcle year.  
C y c l i c  Pat terns .  
p a t t e r n  t o  p i n e  voles,  
b a s i c  a s ~ e c t  o f  ~ i n e  v 
Some i n v e s t i g a t o r s  a t t r i b u t e  a  c y c l i c  popu la t i on  
as i s  cormnon t o  o the r  m i c r o t i n e  rodents.  Th is  
' o l e  b i o l o q y  i s  o f  in tense i n t e r e s t  i n  t h e  devel-  
opment o f  c o n t r o l  methods because i f  t h i s  species i s  p r e d i c t a b l y  
c y c l i c ,  we c o u l d  p r e d i c t  damage t rends and thus op t im ize  c o n t r o l  
s t ra teg ies .  
Reproduction. Data are  needed on p ine v o l e  rep roduc t i on  p o t e n t i a l  
i n  var ious  h a b i t a t  tvpes. Th is  research i s  e s s e n t i a l  i f  we are t o  be 
ab le  t o  determine f a c t o r s  t h a t  a f f e c t  r ep roduc t i ve  p o t e n t i a l  and the  
1  ong-term e f f i c a c y  o f  new c o n t r o l  methods. 
M o r t a l i t y .  Knowledge o f  n a t u r a l  m o r t a l i t y  r a t e s  i n  p ine  v o l e  pop- 
u l a t i o n s  i s  needed t o  a i d  i n  t h e  development and eva lua t i on  o f  c o n t r o l  
s t r a t e g i e s .  Fur ther ,  t h i s  i n fo rma t i on  would be o f  va lue i n  developing 
popu la t i on  models having a  p r e d i c t i v e  value i n  t h e  development and 
a p p l i c a t i o n  o f  c o n t r o l  methods. The l i m i t e d  l i t e r a t u r e  on p ine v o l e  
l o n g e v i t y  i n d i c a t e s  t h a t  on ly  about 20 percent  o f  a  popu la t i on  l i v e s  
longer than 4 months. If t h i s  short  l i f e  span i s  t r u l y  representat ive 
of the  species ,  i t  may be possible to  iden t i fy  and u t i l i z e  causative 
agents within the environment t o  adversely a f fec t  vole l i f e  span. 
Repopul ation. Recovery of pine vole popul a t i  ons a f t e r  successful 
reductional control may r e s u l t  from accelerated reproduction in the 
resi  dual population, and a1 so, i n  par t ,  to  invasion from adjacent 
areas. This little-known aspect of pine vole population dynamics 
should be studied i n  order to evaluate proposed control methods. 
Control Methods Development 
Cultural Practices. Most invest igators  concur t h a t  pine vole den- 
s i t y  decreases when orchards are abandoned. Observations also show 
tha t  pine voles do not occur in  some act ive orchards, but will  occur 
i n  1 arge numbers in  adjacent act ive orchards. These observations sug- 
gest  the  p o s s i b i l i t y  t h a t  ce r ta in  cu l tu ra l  pract ices  are  detrimental 
t o  vole popul a t i  ons. A1 though t h e  gathering and in te rpre ta t ion  of 
these data would be a formidable task,  i t  i s  essen t ia l  t h a t  i t  be done. 
Physical Barr iers .  The most economically expedient control ,  in  
some rodent damage s i tua t ions ,  has been t o  physically r e s t r i c t  access 
t o  the  depredating species. This might involve i n s t a l  l ing voleproof 
exclosures around the perimeters of orchards. Physical bar r ie r s  may 
o f f e r  complete and economical protection over an extended period, and, 
as such, are  a control technique t o  be explored. 
Chemical Control Agents. In view of problems associated with 
d i r e c t  chemical, e.g., hazards to  nontarget species, high reg is t ra t ion  
costs ,  chemicals may be t h e  l e a s t  promising approach f o r  control l ing 
pine vole  damage. The h i s to ry  of the  Service 's  r o l e  in  pine vole 
research has followed a s ingle  basic  course consisting generally of 
the  developnent of l e tha l  ba i t s .  This approach has been only margin- 
a l l y  successful.  Chemical control research should not receive undue 
emphasis but should be an essent i  a1 par t  of an overall  research pro- 
gram. Research on chemicals should be broadened to include s tudies  of 
the  physiology of t a rge t  species to  determine i f  physiological unique- 
ness i s  preserlt t h a t  could be exploited in  the developnent of highly 
se lec t ive  chemical s t ress ing  agents. 
EPA Registration 
The developnent of a new chemical control agent t o  meet EPA 
reg i s t ra t ion  requirements current ly costs  from $4 to  $6 million per 
chemical. In view of these enormous costs ,  and the f a c t  t h a t  such 
chemicals have a 1 imited market and produce l i t t l e  p r o f i t  f o r  the  
chemical industry, most of the  fu ture  costs  of chemical developnent 
must be borne by t h e  FWS. 
PROJECT REQUIREMENTS 
The proposed research should be planned and implemented so t h a t  
the various components are  of high p r i o r i t y  and will  comprise a 
balanced and integrated research program. Research should be iden t i -  
f i e d  t h a t  would seem t o  of fe r  the most d i r e c t  route t o  problem 
solving,  and tha t  would y ie ld  data relevant t o  the e n t i r e  program. 
Once p r i o r i t i e s  are s e t ,  research docmentation should be prepared f o r  
each major area of research--problem def in i t ion ,  ecology, behavior and 
physiology, population dynamics and control methods developnent. The 
scope of the  program wil l  permit simultaneous research on each major 
area of i n t e r e s t  and provide ample funds f o r  Service pert inent  con- 
t r a c t  research. The primary goal should be the developnent of 
species-specif ic  integrated control programs t h a t  can be used 
tboughout  the range of the pine vole. 
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1976 IPOMS VOLE RFSULTS 
Don W .  Hayne 
Professor, S t a t i s t i c s  and Zoology 
North Carolina S t a t e  University 
Raleigh, North Carolina 27650 
ABSTRCICT: This i s  a preliminary report  on the  vole  port ions of an i n t e r -  
d i sc ip l inary  study of in tegra ted  p e s t  and orchard management systems 
(IPoMS) in North Carolina. Vole trapping r e s u l t s  of winter 1976-77 i n  46 
orchards a r e  reported and compared t o  vegetat ional  and chemical measure- 
ments made i n  the  same orchards t h e  previous summer. 
INTRODUCTION: IPOMS i s  an acronym representing an in te rd i sc ip l inary  
p r o j e c t  of the  North Carolina Agricul tural  Experiment S ta t ion  e n t i t l e d  
"Integrated Pest  and Orchard Management Systems f o r  Apples i n  North 
Carolina." This p ro jec t  un i tes  the  e f f o r t s  of s p e c i a l i s t s  i n  a number of 
d i f f e r e n t  d i sc ip l ines  i n  a j o i n t  study. The pro jec t  is a t  present  i n  the  
data-gathering phase with the  f i r s t  records made i n  1976. The study of 
voles  i n  orchards i s  a r e l a t i v e l y  small p a r t  of the  whole study. 
One unique and valuable charac te r i s t i c  of the study i s  t h a t  t h e  
orchard blocks and the t r e e s  within these blocks, were se lec ted  a t  ran- 
dom; therefore we have an unbiased sample of orchards of a county. 
A second important charac te r i s t i c  of the  study i s  i t s  breadth, a s  
i l l u s t r a t e d  here where data  fYom voles a r e  compared with those gathered 
on t h e  same orchards and t h e  same t r e e s  by weed s c i e n t i s t s  (vegetat ive 
records) ,  h o r t i c u l t u r i s t s  ( l ea f  analyses) ,  s o i l  s c i e n t i s t s  ( s o i l  analy- 
s e s )  and p l a n t  pathologists  ( t r e e  death analyses) .  A l l  of these data ,  
and more, a r e  being recorded on the  same s i t e s ;  t h i s  would not be possi-  
b l e  i f  done so le ly  f o r  t h e  purpose of invest igat ing relat ionships t o  vole 
populations. 
This repor t  covers the  vole  trapping and the dezd t r e e  survey of the  
winter of 1976-77 and the  vole  s igns,  vegetat ional ,  and chemical records 
of the s m e r  of 1976. Results a r e  t en ta t ive  i n  t h a t  only a s ing le  
season i s  involved. 
METHODS: Select ion of study s i t e s .  The orchards where the study i s  
being car r ied  out were se lec ted  a t  random from a e r i a l  photographs cover- 
ing Henderson County, North Carolina. F i r s t ,  a l l  areas of orchard were 
divided i n t o  smaller pieces of land of su i tab le  s i z e  ( l e s s  than about 25 
acres ,  mostly l e s s  than 8 acres ) ,  marked on the  a e r i a l  photographs, num- 
bered and l i s t e d .  From t h i s  l i s t  a sample was drawn a t  random, and these 
port ions of orchards were v i s i t e d  on the  ground. Each was divided i n t o  
subareas, one of which was chosen a t  random as the sample area (block) .  
Within each such block, 8 t o  18 study t r e e s  were chosen a t  random, aver- 
aging about 10 per  block. Management pract ices  a r e  being s tudied i n  the  
orchard block t h a t  contains the sample a rea .  
The study depends upon grower cooperation. I n i t i a l l y ,  41 of the 60 
I randomly chosen sample areas  belonged t o  growers who chose t o  cooperate. 
Absentee and changing ownership was an important reason f o r  f a i l u r e  t o  
cooperate. By-and-large we f e e l  t h a t  the IPOiW pro jec t  i s  based upon a 
sample t h a t  i s  j u s t  about a s  close t o  random a s  it i s  p r a c t i c a l  t o  
achieve with operating orchards. 
In addition t o  the random sample, eight other cooperating orchards 
are included i n  the study. 
Trapping. Live traps were s e t  i n  the sample blocks near each sample 
t ree ,  with one trap a t  each of the adjacent t rees  i n  the same row as  the 
sample t r ee  and one trap a t  each of the two closest t rees i n  the adjacent 
rows. Thus 4 traps were se t  for each sample t ree  but none was s e t  imme- 
diately beneath the sample t ree  ( t o  avoid disturbing the sample t r ee ' s  
vegetation). After traps were s e t ,  they were v is i ted  a t  24 and 48 hours, 
and then removed. Live animals were marked and released; dead voles were 
examined for embryos. Trapping was completed i n  November and December. 
I n  data represented here a t o t a l  of 2,119 traps were se t  twice (one trap 
was missing) near 530 sample trees i n  48 sample blocks. Because one trap 
was missing and a number were sprung without capturing an animal, the 
effective t o t a l  number fmctioning and able t o  capture an animal was 
2,067 per se t t ing  (instead of 2,119) counting each tripped trap as one- 
half  effective.  Estimated population numbers are stated as per fbnction- 
ing trap (or per t r ee  since there was one trap per t r ee ) .  
Population estimates. Populations were estimated by calculating a 
capture probability for trapped animals. There are two estimates: 
where 
L2 
CE = animals captured both periods 
C1 = animals marked and released a l ive  a t  the f i r s t  trapping 
C, = a l l  animals captured a t  the second trapping 
The expected value for t o t a l  nwiber captured i s :  
A 
From th i s .  I estimated P as: 
Records of adult males, adult  females and a l l  immatures were exam- 
ined for evidence of a difference i n  the proportion of l i ve  marked 
releases the f i r s t  night, recaptured the second night. No significant 
difference was found by x2  t e s t ,  and records were pooled. These pooled 
records were used t o  estimate capture probability and the expansion 
factor for estimating the t o t a l  pqula t ion .  This factor i s  the recip- 
rocal  of 2p - p2; t h i s  was multiplied by the t o t a l  number of individuals 
captured to  estimate the population number. 
Vole signs. A t  the same time the notes on the vegetation of the 
orchard floor were recorded, signs of vole presence and ac t iv i ty  were 
made. These signs are calculated as a "local frequency," here called 
t ree  frequency, by scoring 1 for  each of the 20 plots  where vole signs 
occurred, and dividing the sum of these scores for one t r ee  by 20. This 
t r ee  frequency i s  then averaged over a l l  the sample t rees  i n  the block. 
The only vegetational data examined for relationship t o  vole signs 
or numbers were those for percent bare ground, height of dominant vege- 
ta t ion ,  thatch depth, and number of plant species; average block values 
were used here. 
Leaf analyses. Vole numbers were also compared t o  average growing 
season leaf content of a ser ies  of ll plant nutrients, separately i n  
siruple regression and i n  multiple regression. The hypothesis here was 
tha t  vole numbers may r e f l ec t  the nutrient  condition of an orchard; it i s  
commonly stated that  voles are  easier t o  f ind i n  orchards that  are heav- 
i l y  f e r t i l i zed .  
Soi l  analyses. Vole numbers were compared t o  average surface s o i l  
content of plant  nutrients,  using regression methods. 
Dead t ree  survey. D r .  Turner Sutton and B i l l  Sullivan pulled and 
examined a l l  324 dead t rees  i n  35 orchard blocks during the winter of 
1976-77. For each dead t ree ,  they made a judgement as t o  the principal  
cause of death, whether disease, vole injury or other factors.  Whether 
l e t h a l  vole injury was caused by pine voles or meadow voles was judged 
primarily by the location of injury on the root system, whether above or 
below the ground level ,  with some weight given t o  signs of current activ- 
i t y .  
RESULTS: Species captured. The 1976 live-trapping made a t o t a l  of 
442 captures of small rnarmnals of 8 species; most of these were of pine 
voles  a able 1). 
Table 1. Results of live-trapping i n  48 IPOE orchards i n  the winter of 
1976-77 
Species No. of captures 
Pine vole 
Meadow vole 
Short-tailed shrew 
Deer mouse 
House mouse 
Jumping mouse 
Norway r a t  
Cotton r a t  
336 (311 individuals ) 
4C (36 individuals) 
52 
2 
1 
4 
4 
3 
Total Captures 442 
Prevalence of voles. In  the 48 orchard blocks trapped, voles of 
ei ther species were captured i n  34 blocks  a able 2) with pine voles in  
32 (66.7%), meadow voles in  12 (25.%) and neither species i n  14 (29.%). 
Pine vs.  meadow voles. I t  has been reported that  one species of 
vole drives out the other. This question was examined i n  two ways, as t o  
prevalence and as t o  correlation of numbers; neither method supported 
the idea of much influence of one species on the other. 
Table 2. Species prevalence (presence or absence) of voles i n  48 IPOMS 
orchards, winter 1976-77 
Meadow Vole 
Present Absent Total 
Pine Vole Present 10 22 32 
Absent 2 1 4  16 
Total 12 36 48 
Based on the overall prevalence of each species  a able 2) the 
expected numbers of orchard blocks containing both species would be 8 
( instead of 10 as observed) and containing neither species, 12 (instead 
of 14 as observed). These deviations are within expected sampling varia- 
t ion and thus there i s  no widence here of any association (negative or 
posit ive) between the two species of voles. 
Next the estimated population numbers (Table 3) were examined for 
any relationship from orchard t o  orchard. A l inear  regression of meadow 
vole numbers on ine vole numbers showed a weakly significant  relat ion- 
ship (n = 48; RB= 0.071; p = 0.07). The intercept was +0.048 and the 
slope +0.036. 
Populations of voles. The capture probabil i t ies and expansion 
factors were estimated from the trapping records as s h m  i n  Table 3. 
Table 3. Capture probabil i t ies and expansion factors,  winter 1976-77, 
IPOMS vole live-trapping 
Capture probability 2 Factor = reciprocal Species ZP -P 
of 2p-p 2 P 
Pine vole .07820 .I503 6.654 
Meadow vole .lo53 1994 5.014 
Althaugh the calculated capture probability for the meadow vole was about 
one-third greater than tha t  for  the pine vole, the difference was not 
s t a t i s t i c a l l y  significant  by chi-square t e s t .  
The estimated numbers of voles per t ree  are shown i n  Table 4, sepa- 
ra te ly  for the two species. 
Population numbers are highly variable from orchard to  orchard, 
representing many low and relat ively few high values (Table 4) .  A better  
idea of the distr ibution i s  presented by a calculation using log- 
transformed data (x  = log lo (x' + 0.1)) .  Here for pine voles the geometric 
mean i s  0.35 mice per t ree ,  with 2 standard deviation (95%) l imits  of 
0.02 and 5.2 mice per tree;  with meadow voles the geometric mean i s  0.04 
mice per t r ee  with 2 standard deviation l imits  of 0.01 and 0.14 mice per 
t ree .  For the t o t a l  of both species the geometric mean i s  0.40 with 2 
standard deviations ranging from 0.03 t o  5.9 voles per t r ee .  These 
values refer  t o  orchard block averages, each based on a number of t rees 
per block (average 45); values based upon single t rees  would be more 
variable.  
Table 4. Estimated number of voles per t ree  i n  48 IPOMS sample blocks 
winter 1976-77 
- 
Block Pine Meadow Block Pine Meadow Block Pine Meadow 
Vole Vole Vole Vole Vole Vole 
1 0.9 0.0 
2 2.3 0.0 
3 3.0 0.0 
4 0.0 0.0 
5 3.6 0.1 
6 2.9 0.0 
7 1.2 0.0 
8 0.0 0.0 
9 0.2 0.0 
10 0.4 0.0 
11 3.4 0.0 
12 0.1 0.1 
13 0.0 0.0 
14 0.0 0.0 
15 0.2 0.3 
16 7.9 0.6 
Arithmetic Mean 2 dev.: 
17 0.3 0.0 34 0.3 0 . 1  
18 0.0 0.0 35 2.0 0.0 
l g  0.0 0.0 36 0.7 0.1 
20 0.0 . o . o  37 0.2 0.1 
21 1 . 6  1.0 38 0.0 0.0 
22 0.2 0.0 39 1.0 0.6  
23 0 .1  0.0 40 0.0 0.0 
24 1.5 0.0 41 0.0 0.0 
25 0.4 0.3 42 1 .2  0.0 
26 2.4 0.0 43 0.5 0.0 
27 2.9 0.0 44 0.3 0.0 
28 2.9 0.0 45 0.0 0.0 
29 0.2 0.0 46 0.3 0.0 
30 1 .5  0.0 47 0.0 0.0 
31 0.0 0.2 48 0.0 0.0 
32 0.0 0.5 49 0.0 0.0 
Pine vole 0.97 2 1.49; Meadow vole 0.08 2 0.20 
Summer vole signs and winter vole numbers. A p rac t ica l  question i s  
how well  winter vole papulations can be predicted from the summer signs 
of vole ac t iv i ty .  This was examined by a l inear  regression of t o t a l  vole 
numbers (sum of pine and meadow voles) on t r ee  f'requency, which i s  the 
index of summer vole ac t iv i t y .  The data used are  shown i n  Table 5, along 
with the values for  number of voles "predicted" from t r ee  f'requency. The 
l inear  regression established on 46 points was highly signif icant  
(p = .0001) accounting for  a moderate fract ion of the var iabi l i ty  ( R ~  = 
0.57; see Table 6)  . The predicting equation i s  : Vole number = 0.3 + 16.3 
( t r e e  frequency). Inspection of Table 5 shows tha t  while some "predic- 
tions" were quite close, others missed by important margins. 
One point (block no. 16) stands out as the highest value for  both 
summer signs and winter numbers; a natural  question i s  whether t h i s  value 
i s  responsible alone for  the apparent relat ionship.  When th i s  point i s  
excluded, a l inear  regression based on the remaining 45 points shows a 
highly signif icant  relationship (P = .003) although with less  of the 
va r i ab i l i t y  accounted for  (R a = 0.18). The predicting equation here i s :  
Vole number = 0.5 + 10.2 ( t r ee  frequency). 
Table 5 .  Tree frequency of a c t i v i t y  i n  summer 1976, subsequent vole 
numbers i n  winter 1976-77, and vole number "predicted" by the regression 
on summer a c t i v i t y ,  i n  46 IPOMS orchard blocks 
Block Tree Vole Nos. Block Tree Vole Nos. Block Tree Vole Nos. 
Freq. Obs. Fred. Freq. Obs . Pred. Freq. Obs . Pred. 
Summer vegetat ional  charac te r i s t i cs  and winter vole numbers. Vole 
numbers were examined a s  t o  regression on the  gross vegetat ional  charac- 
t e r i s t i c s  of percent  bare ground, height  of dominant vegetation and 
thatch depth. None of these regressions accounted f o r  an appreciable 
f rac t ion  of the  v a r i a b i l i t y   a able 6 ) .  
Table 6. Regressions of vole  numbers i n  winter on gross vegetat ional  
c h a r a c t e r i s t i c s  of the previous summer (including t r e e  frequency) IPOMS 
1976-77 trapping data  from 46 orchard blocks 
Independent In te rcep t  Slope R~ S t a t i s t i c a l  Variable Significance 
- - - - - 
Tree frequency 0.324 16.345 0.57 p = 0.0001 
Percent bare ground 1.646 -0.033 0.03 p = 0.30 
Height dominant veg. 0.908 0.024 0.02 p = 0.46 
Thatch depth 0.549 0.549 0.02 p = 0.39 
Summer vegetat ional  charac te r i s t i cs  and summer vole signs. Tree 
frequency was examined a s  t o  regression on the gross vegetat ional  charac- 
t e r i s t i c s :  percent  bare ground, height  of dominant vegetation, depth of 
thatch and number of species of p l a n t s .  This comparison was based on 46 
blocks. Results  a able 7) showed a highly s ign i f ican t  relat ionship with 
thatch depth and suggested a possible relationship with percent bare 
ground, though i n  neither case was any large proportion of the variabil-  
i t y  accounted for .  
Table 7. Regressions of vole signs as t ree  frequency on gross vegeta- 
t ional  characterist ics recorded a t  the same time i n  the summer of 1976, 
i n  46 IPOMS orchard blocks 
Independent 
Variable Intercept Slope R2 
S t a t i s t i ca l  
Significance 
Percent bare g r m d  0.063 -0.00167 0.06 p = 0.09 
Height dominant veg. 0.024 0.00126 0.03 p = 0.28 
Thatch depth -0.035 0.056 0.17 p = 0.004 
No. plant  species 0.110 -0.023 0.04 p = 0.19 
Summer leaf analyses and winter vole numbers. Linear regressions of 
vole numbers on summer leaf analyses fa i led  t o  reveal any s t a t i s t i c a l l y  
significant  relationship  a able 8 ) .  The closest t o  significance was with 
phosphorus (p = 0.19) . A stepwise regression ( m a x i m  R a option) fa i led  
t o  improve the relationship appreciably with up t o  6 variables. Thus no 
evidence was found of any re l iable  relationship between leaf content of 
11 plant  nutrients and vole numbers the following winter. 
Table 8. Regressions of winter vole numbers on leaf analyses for ll 
plant  nutrients i n  previous graving season, 1976 IPOMS data from 48 
orchard blocks 
Independent 
Variable Intercept Slope R~ 
S t a t i s t i ca l  
Significance 
Summer s o i l  analyses and winter vole numbers. Linear regressions of 
vole numbers on summer s o i l  analyses fa i led  t o  reveal any s t a t i s t i ca l ly  
significant  relationship  a able 9 ) .  The closest t o  significance werewith 
sulphur and potassium (P = 0.28). A stepwise regression (maxi- R 2  
option) fa i led  t o  improve the relationship. Thus no evidence was found 
of a m  r e l i a b l e  re la t ionsh ip  between s o i l  analyses and vole numbers the  
following winter .  
Table 9.  Regressions of winter vole  numbers on s o i l  analyses f o r  10 
p lan t  nu t r ien t s  and 6 other charac te r i s t i cs  i n  the  previous growing 
season, 1976 IPOMS data from 47 orchard blocks 
Independent 
Variable In te rcep t  Slope R~ 
S t a t i s t i c a l  
Significance 
N 
P 
K 
Ca 
Mg 
Na 
Mn 
Cu 
Zn 
S 
Weight Volume 
Organic Matter 
Soluble S a l t s  
pH 
Acidity 
CaMgKNa 
Voles a s  causes of t r e e  death. The 324 t r e e s  pul led and examined by 
the  dead t r e e  survey i n  35 orchard blocks const i tuted 1.37 percent of 
t r e e s  i n  these blocks.  It i s  not  known f o r  how many years these t r e e s  
have accumulated i n  these orchards; presumably the  period is  greater  than 
one year and therefore t h i s  f igure  s e t s  an upper limit on annual t r e e  
mortal i ty .  
I n  p r i n c i p a l  suspected causes of death, voles  ranked f i r s t ,  c losely 
followed by disease  a able 10) .  It must be recognized t h a t  the  causes 
assigned were probably not independent; death may have resu l ted  from the 
combined ac t ion  of severa l  f a c t o r s .  But a s  a f i r s t  approximation, these 
data  suggest t h a t  losses  by t r e e  death a r e  below 1 .4  percent per  year ,  
and losses  by voles ,  below 0 .6  percent per  year .  This accounting does 
not allow f o r  losses  t o  voles from reduced vigor and f r u i t  production 
over the  years  before t r e e  death. 
DISCUSSION AND CONCLUSIONS: Voles dominate the  small mammal fauna 
of Henderson County orchards, with pine voles about eight  times a s  numer- 
ous a s  meadow voles .  This trapping program found voles i n  about 70 
percent of the  orchards; considering the small f'raction of each orchard 
covered and the  clustered nature of vole d i s t r ibu t ion ,  animals of one or 
both species  a r e  probably present  i n  almost a l l  orchards of t h i s  region. 
There was no evidence of antagonism t o  be found i n  the trapping records. 
Table 10. Causes of death of apple t rees  as  judged by an experienced 2- 
man team; a l l  dead trees i n  35 IPOMS orchard blocks, winter 1976-77 
Cause of death No. Trees Percent 
Pine voles 
Meadow voles 
Total voles 144 44.5 
Disease 131 40.4 
Other identif ied causes 39 12 .O 
Unknown causes 10 3.1 
- - 
Total 324 100.0 
The capture probability of voles, as measured here, appears t o  be 
about 8 percent i n  a 24 -hm se t t ing  of traps.  This value refers  t o  the 
s e t  of 4 traps,  even though the population estimates are  stated per 
single t ree  ( t r ap ) .  This means that  i n  two days th i s  trap se t t ing  pat- 
te rn  seems t o  capture about one-sixth of the animals presumed t o  be 
resident .  
The mean estimated population of a l l  voles was 1.05 per t ree  (or 4.2 
voles for the 5 t ree  diamond-shaped area centered on a sample t r ee ) .  
Populations were highly variable from orchard t o  orchard; considering 
t o t a l  voles the two standard deviation range ei ther side of the geometric 
mean of 0.40 voles per t ree  included a span of about 15-fold i n  ei ther 
direction ( t h i s  refers t o  block mean values). 
Winter vole numbers may be predicted f a i r ly  well from the signs of 
vole ac t iv i ty  a t  the same orchard location the previous summer. It i s  
not yet  clear whether t h i s  association i s  close enough t o  provide useful 
predictive ab i l i t y .  The t e s t  used here was the most favorable for demon- 
s t ra t ing  an association. A t  l eas t ,  the association suggests tha t  the 
data may be measuring the same thing. Vegetational characterist ics asso- 
ciated with summer vole signs and measured a t  the same time showed no 
relat ion t o  winter vole numbers, although thatch depth was correlated 
with summer vole signs. This somewhat contradictory finding may only 
mean that  a well-developed thatch preserves runways, once they are estab- 
lished. 
There was no measurable association between vole numbers i n  winter 
with the values for leaf analysis of 11 plant nutrients in  the previous 
growing season, or with measurements of s o i l  characterist ics (including 
analyses of 10 plant  nutrients) .  
The dead t r ee  survey showed voles t o  be a relat ive important cause 
of t ree  death compared t o  other factors,  but the suggested values for 
t r ee  mortality ra te  seem t o  be less than some reports from growers. On 
the other hand, t h i s  survey took no account of trees tha t  are off-color 
and obviously dying, and thus a continuing reminder t o  the grower that  
trees are being k i l l ed .  
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This i s  a description of a new relat ively long-term study of pine 
vole control under the North Carolina Agricultural Experiment Station. 
The objective i s  t o  evaluate on an experimental basis, the principal  
methods used t o  control vole populations and damage i n  apple orchards. 
THE PROBLEM: Usually, prac t ica l  control measures t o  reduce damage 
by pine voles have been limited to  use of rodenticides, applied ei ther 
i n  b a i t  form or as  a ground spray. On the other hand, some workers have 
maintained tha t  removing the surface vegetation by cultivation and use 
of herbicides can provide e i ther  complete protection, or  a general 
reduction in  level  of hazard. Such claims have been supported by obser- 
vational studies.  Control of voles by habitat  manipulation would have 
certain advantages over the use of rodenticides; it would be environmen- 
t a l l y  more acceptable, reduce for the orchard worker the dangers i n  
application of poisons for  vole control, and possibly be l e s s  costly.  
We f e e l  tha t  there i s  need for  a formal t e s t  on a relat ively long-term 
basis ,  t o  explore how effective the practice of habitat  manipulation may 
be in  reducing vole damage and population levels.  
THE EXPERIMEWTAL PIAN: This experiment compares methods of reducing 
damage by voles e i ther  by use of rodenticides, or by habitat  al terat ions,  
or by a combination of the two, through use of a randomized block design. 
The f i e l d  study areas, or blocks, are eight orchards i n  Henderson 
County, North Carolina. Each block contains four plots  of approximately 
2 . 5  acres each selected t o  be as nearly comparable as possible within 
tha t  orchard. Data are  recorded on a central  area of about 0.9 acres. 
The r k i n i n g  area outside of t h i s  central  portion i s  a boundary or 
buffer zone tha t  receives the same treatment. In  most of the plots  the 
trees range i n  age 8-18 years, and were planted a t  about 120 t rees  per 
acre. Figure 1 shows an idealized p lo t  layout. 
Within any one block, the four plots  were randomly assigned t rea t -  
ments a t  the beginning of the experiment. The four treatments are grower 
option, rodenticide only, clean culture only, and combination of roden- 
t i c ide  and clean culture.  Treatments are t o  be repeated over a number 
of years on the originally assigned p lo t .  
The grower p lo t  w i l l  serve as the closest thing t o  a control; what- 
ever the grower does or does not do w i l l  be recorded as the treatment. 
The rodenticide p lo t  w i l l  receive a routine f a l l  application of a 
rodenticide considered currently t o  be most desirable. We may be working 
with more than one rodenticide a t  a time but w i l l  use only one i n  any 
given p lo t .  
The clean culture p lo t  is  t o  be maintained with clean ground 
under the t rees ,  using cultivation and herbicides. Mowing w i l l  be done 
as  we f e e l  it i s  needed and standard herbicide applications w i l l  be made. 
We are  not tes t ing  new herbicides. 
The combination p lo t  i s  under clean culture with rodenticides used 
here only when inspection shows tha t  they are needed. 
The equipment and materials used i n  f i e l d  treatments are  those used 
by growers. This equipment includes t rac tor ,  sprayers, s ickle bar, bush 
hog and hedging blades such as are  par t  of most orchard operations. Our 
records of time, materials and equipment used w i l l  provide cost figures 
for  the treatments; we recognize th i s  measurement of cost as important. 
Results w i l l  be measured several ways. The number of damaged t rees  
would be the most convincing variable in  terms of usefulness of the 
treatment but we doubt that  we have enough trees i n  our plots  t o  dist in-  
guish any moderate difference between treatments as  t o  the r a t e  of t r ee  
damage and death. Vole ac t iv i ty ,  recorded both by probing for runways 
and by using the apple sign t e s t ,  i s  being measured routinely a t  leas t  
three timings per year, i n  early f a l l ,  winter and summer. Vegetational 
c w e r  i s  being measured once a year i n  mid-August as percent cover of 
grass, forbes and vines and as mean height under the trees and i n  the 
middles. 
Analysis of the vole population by live-trapping, mark, and recap- 
ture i s  being undertaken a t  l ea s t  twice per year, before and a f t e r  the 
normal time for  applying rodenticides i n  the f a l l .  We are  s t i l l  consid- 
ering twc poss ib i l i t ies  as t o  exact method. In the past  we have used 
live-trapping in  a grid pattern t o  determine survival rates but t h i s  
method does not provide population estimates; a t  worst that  method can 
be used. Second, however, we are currently developing a method for e s t i -  
mating population density as well as survival; t h i s  w i l l  be the method 
of choice i f  it provides sufficient  information. In  th is  second method 
the traps are s e t  i n  cross l ines  (see Fig. 1)  with trap numbers greatly 
reduced. As a resul t  we w i l l  have a laver number of animals caught as 
compared t o  the grid method applied t o  the same plo t .  Breeding s ta tus  
and age w i l l  be recorded each time an animal i s  trapped. 
Grower cooperation i s  essential  t o  t h i s  type of investigation and 
we are fortunate i n  having good working relationships. Our association 
with the grower must remain voluntary on both sides; i n  two (rodenticide 
only and clean culture only) of the four plots  i n  a block the grower has 
yielded t o  us, t o  a fractional  degree, temporary control of h i s  land, but 
clearly we cannot expect him t o  maintain th is  relationship contrary t o  
h i s  be t ter  judgement. On the other two plo ts ,  ei ther the graver retains 
complete control, or the treatment (combination plot)  applied i s  the best  
possible and i t s  use i s  beneficial  to  him. 
Although th is  study has a high manpower requirement, we are contin- 
uing t o  work with our IPOMS group on a study of integrated management of 
orchards. 
As opportunity ar i ses  and time permits, we w i l l  continue with short- 
term f i e ld  and laboratory t e s t s  on a one-treatment basis t o  answer 
prac t ica l  questions about methods of application for labeled materials 
and provide ratings of efficacy for new materials as they are developed. 
Trap locat ions within a p l o t  
IIIIIIIIIII 
I - buf fe r  t r e e s  - data t r e e s  X - t r aps  
Fig.  1. Generalized view of a s ing le  p l o t ,  shaving c e n t r a l  t r e e s  where 
data  a r e  recorded, and buffer  t r e e s ;  treatments are applied over both 
t h e  c e n t r a l  data  zone and t h e  buf fe r  zone. 
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I b e l i e v e  t h i s  audience i s  a l r eady  we l l  aware of t h e  d i l e m a  i n  New 
York S t a t e .  We have s u f f e r e d  ex t ens ive  damage from orchard  mice over t h e  
p a s t  t h r e e  yea r s  i n  New York wi th  some groivers l o s i n g  t h e i r  e n t i r e  opera- 
t i o n .  The p ine  v o l e ,  Pitymys pinetorum, has assumed an impor tant  r o l e  a s  
an orchard  pes t  and i n  e a s t e r n  New York e a s i l y  su rpas ses  t h e  r e l a t e d  
meadow v o l e ,  Microtus pennsylvanicus a s  a  s i g n i f i c a n t  orchard  pes t .  A 
r e c e n t  grower-funded economic survey,  i n i t i a t e d  by t h i s  Un i t ,  and 
r epo r t ed  i n  a  paper by Pearson and Forshey (1978) po in t s  up t h e  s e v e r i t y  
of l o s s e s  t h r u  reduced q u a l i t y  and quan t i t y  of t h e  app le  crop. 
Apparently,  t h e r e  i s  no quick o r  s a t i s f a c t o r y  answer t o  our  problem 
i n  New York. We have t e s t e d  a  wide v a r i e t y  of experimental  t o x i c a n t s  a s  
we l l  a s  c e r t a i n  ones t h a t  a r e  a v a i l a b l e  commercially. None of t h e s e  
m a t e r i a l s  has proved s a t i s f a c t o r y  i n  t h e  hands of t h e  growers nor  have 
they been completely r e l i a b l e  i n  a l l  of our  exper imenta l  t r i a l s .  
Today we would l i k e  t o  d i scuss  r e s u l t s  obta ined from l abo ra to ry  and 
f i e l d  r e sea rch  conducted from 1975-1977 i n  t h e  Hudson Val ley  of south- 
e a s t e r n  New York S t a t e .  In  making these  pre l iminary  r e s u l t s  a v a i l a b l e  
f o r  t h e  pub l i c  r eco rd  we must f a c e  t h e  i nadve r t an t  problem c rea t ed  f o r  
t h e  grower, t h e  s u p p l i e r ,  t h e  chemical company and even t h e  r e sea rch  
b i o l o g i s t  t h a t  may occur when one r e p o r t s  f i n d i n g s  of high e f f i c a c y  f o r  
a  mediocre o r  f a u l t y  product o r  low e f f i c a c y  f o r  a  p o t e n t i a l l y  sound 
chemical/management procedure.  
Beginning i n  1975 wi th  f i n a n c i a l  suppor t  from t h e  growers,  chemical 
i n d u s t r y ,  t h e  U.S. Department of t h e  I n t e r i o r  and t h e  c o l l e g e  a t  Cornel l  
we began an i n t e n s i v e  screening program of s e v e r a l  b a i t s  and b a i t  
p r epa ra t ions  a v a i l a b l e  t o  us.  Our approach t o  s c reen ing  a  wide v a r i e t y  
of cand ida t e  m a t e r i a l s  was t o  f i r s t  t e s t  t h e s e  i n  a  l abo ra to ry  s i t u a t i o n  
wi th  c a p t i v e  vo le s  and u l t i m a t e l y  c a t e g o r i z e  t h e  e f f e c t i v e n e s s  of t h e  
va r ious  combinations of t o x i c a n t s  and b a i t  p r epa ra t ions  i n t o  t h r e e  
gene ra l  l e v e l s  of e f f i c a c y  (Table 1 ) .  We then proposed t o  t ake  t h e  
m a t e r i a l s  and b a i t  p r epa ra t ions  t h a t  were most e f f e c t i v e  o r  showed con- 
s i d e r a b l e  promise i n t o  t h e  f i e l d  and t e s t  them under f i e l d  cond i t i ons  on 
wi ld  p ine  v o l e s .  The t h i r d  s t e p  was t o  s e l e c t  from these  pre l iminary  
f i e l d  t r i a l s  t h e  t h r e e  o r  four  most promising t rea tments  and expand t h e  
t e s t i n g  e f f o r t  on t h e s e  m a t e r i a l s  t o  a  l a r g e r  s c a l e  t h a t  included p l o t s  
up t o  3 a c r e s  i n  s i z e  and a s  many a s  150 t r e e s .  From Table 1 we 
recognize  t h a t  e f f i c a c y  d a t a  obta ined i n  l abo ra to ry  t e s t i n g  is not  t h e  
only r e l i a b l e  de terminant  of what should be  examined f u r t h e r  i n  a  f i e l d  
s i t u a t i o n .  We d i d  however, have i n i t i a l  concerns about acceptance of 
s e v e r a l  b a i t s  t h a t  we had t r e a t e d  wi th  a  chemical t ox i can t  and these  
no t ions  needed eva lua t ion  f i r s t  i n  a  l abo ra to ry .  Table 1 i n d i c a t e s  
those  t r ea tmen t s  which were judged t o  be  most e f f e c t i v e ,  only moderately 
e f f e c t i v e  o r  not  e f f e c t i v e  i n  t h e  l abo ra to ry  cage environment. In most 
TABLE I ,  TKEATNENTS iJHICH WERE EFFECTIVE UR MODERATELY EFFECTIVE I N  LABORATORY TESTING VERSUS 
l t l7SE NOT EFFECTIVE. 
I. EFFECTIVE 
40ZtiL Mli iERAL O I L  AI'PLES' 
HOZOL M:IItPAL U I L  PI-:A:iUTS' 
RgZOL TRACKING POWDER APPLES* 
ROZOL PAPAFFIHIZED PELLETS ( L A ~ G E ) '  
11. KODERATELY EFFECTIVE 
RUZOL TRACKIElG POWDcR 
Ill. P:OT EFFECTIVE 
RUZOL f l INEIAL O I L  APPLES (LOW CONCENTRATION) 
ROLOL M1:IEML O I L  PEANUTS (LOW CONCENTRATION) 
ROZCL T?JC(ING PO!lilEK PEARUTS 
RUZOL PAMTFINIZE3 PELLETS (SMALL) 
RUZOL PkM'T l l i lZED BLOCK 
R417lX PELLEiS (SMALL). 
PELLETS (URGE)' 
APPLES' 
PEANUTS 
'SELECTED FOR FIELD TESTING 
i n s t a n c e s  an e f f e c t i v e  b a i t  was one t h a t  k i l l e d  80% o r  more of t h e  10-15 
vo le s  w i t h i n  5 days.  Seve ra l  of t h e  Rozol p repa ra t ions  when app l i ed  t o  
app le s  and raw peanuts  were q u i t e  e f f e c t i v e  e s p e c i a l l y  a t  h ighe r  concen- 
t r a t i o n s .  Among t h e  many b a i t  p r epa ra t ions  judged n o t  e f f e c t i v e  i n  t h e  
l a b o r a t o r y ,  t h e  l a c k  of e f f i c a c y  was due i n  most ca ses  t o  t h e  f a i l u r e  of 
t h e  v o l e s  t o  consume t h e  t o x i c  b a i t s .  
Table 2 l ists  t h e  v a r i e t y  of m a t e r i a l s  and b a i t  p r epa ra t ions  t h a t  
were taken i n t o  t h e  orchard  f o r  t e s t i n g .  Included i n  t h e s e  t e s t s  were 
TABLE 2 .  MATERIALS SELECTED FOR F I E U l  TESTING. 
RUZOL MINERAL O I L  APPLES 
KOZOL WINEWL O I L  PEANUTS 
ROZOL TRACKING POWDER APPLES 
ROZOL PAKAFF lN IZ tD  PELLETS (LAKE) 
KAMIK PELLETS (LARGE) 
RAM! K PELLETS (SMALL) 
TETRACYCLINE (DMCT) APPLES 
Z N P ~  APPLES 
four  p repa ra t ions  of Rozol (chlorophacinone) ,  two p repa ra t ions  of Ramik 
(d iphacinone) ,  one p repa ra t ion  of a  broad spectrum a n t i b i o t i c  ( t e t r a -  
c y c l i n e )  t h a t  was in tended a s  a  marker subs tance  due t o  i t s  a f f i n i t y  f o r  
co lo r ing  t h e  t e e t h  and bones of mammals w i th  a  f l uo re scen t  m a t e r i a l  
(Cr i e r  1970).  And, f i n a l l y ,  z i n c  phosphide powder app l i ed  t o  s l i c e d  
apples .  These seven cand ida t e  b a i t s  and t h e  t e t r a c y c l i n e  were f i e l d  
t e s t e d  i n  t h e  fo l lowing manner. An orchard  block of 12 rows by 15 t r e e s  
pe r  row wi th  a  h igh i n f e s t a t i o n  of p ine  vo le s  was s e l e c t e d  f o r  t e s t i n g .  
Each cand ida t e  m a t e r i a l  was then t e s t e d  i n  a  s i n g l e  row t h a t  inc luded 
from 13-15 t r e e s .  Vole a c t i v i t y  a t  each of t h e  t r e e s  was determined by 
p l ac ing  an app le  s l i c e  under a  t a r  paper cover and reexaming t h e  app le  
s l i c e  a f t e r  24 hours  ( a c t i v i t y  index) .  The pos t  t rea tment  eva lua t ion  of 
cand ida t e  m a t e r i a l s  was c a r r i e d  ou t  i n  t h e  same way wi th  t h e  a d d i t i o n  of 
a  t r app ing  e f f o r t  t h a t  cons i s t ed  of two t r a p s  per t r e e  checked f o r  t h r e e  
days and n i g h t s .  
The r e s u l t s  obta ined from t h i s  pre l iminary  f i e l d  s c reen ing  were very  
encouraging. The i n i t i a l  a c t i v i t y  index i n  most of t h e  rows was 80% o r  
more (Table 3 ) .  The pos t  t rea tment  eva lua t ions  t h a t  began e i t h e r  two o r  
TA3LI 3. EFFECT OF IlANU PLnCCRCNT OF ~DOI(ATOIlY AlrD COmERClALLY PREPARED BAITS ON 
PIllE VOLES, THtW ORCHARD. OPAXGE COUIIN, N.Y. 
PllETRtATNENT POST-TREATMENT 
TREiiTRENT (1.) I THEES PER RON (2.) Z ACTIVITY TRAPOUT (#VOLES/KCW) DATE 
CONTROL 13  84.6 4 10/4 - 10/7/75 
2 2 , ;  K LAi(GE 14 130 3 
?sii',iK SMALL 15  95.3 4 
ROZOL 15 86.6 0 
C0:iIRUL 13 100 10  9/21 - 9/24/75 
Z:;?: APPLE 15 60 1 
TETFACYCLIIIE APPLE 15 86.6 1 
ROLOL TPACKING PU. APPLE 13 100 1 
ROZOL PEAIIUTS 15 30 0 
ROZUL APPLE 14  100 3 
CUNTRJL 15  93.3 14  9 / 9  - 9/12 
(1.) ALL TREATYLYTS STARlED SEPT. 9. 1975. 
(2.) ACTIVITY DETtRMINED AT 1 STATION PER TREE, 
t h r e e  weeks a f t e r  t rea tment  i n d i c a t e  a  d r a s t i c  r educ t ion  i n  t h e  number of 
v o l e s  i n  each of t h e  t e s t  rows. We recognize  t h a t  t h i s  was a  pre l iminary  
f i e l d  s c reen ing  of t h e s e  m a t e r i a l s  and t h a t  we d i d  n o t  have s u f f i c i e n t  
b u f f e r  rows a s soc i a t ed  wi th  each of t h e  t rea tments .  Never theless ,  t h e r e  
appeared t o  be  a  nea r ly  complete decimation of t h e  vo le s  from a l l  rows 
sub jec t ed  t o  a  t o x i c  t rea tment .  Two of t h e  t h r e e  c o n t r o l  rows des ignated  
i n  t h i s  orchard  maintained a  high popula t ion  of vo le s  a t  t h e  t ime of pos t  
t rea tment  eva lua t ion .  Because b u f f e r  rows were inadequate  i n  t h e s e  t e s t s  
i t  is p o s s i b l e  t h a t  t h e  vo le s  i n  t h e  t h i r d  c o n t r o l  row moved o u t  of t h a t  
row and i n t o  o t h e r  rows where animals presumably had been k i l l e d - b y  t h e  
t o x i c  b a i t s .  
From t h i s  pre l iminary  f i e l d  t e s t  of t h e  s e v e r a l  b a i t s  we s e l e c t e d  
f o r  f u r t h e r  t e s t i n g  e i t h e r  those  t h a t  were most promising a s  c o n t r o l  
agen t s  o r  t h a t  were a v a i l a b l e  t o  us  from t h e  s u p p l i e r .  These inc luded 
Ramik (diphacinone) smal l  p e l l e t s ,  app l i ed  a t  two concen t r a t ions ;  Rozol 
(chlorophacinone) both smal l  and l a r g e  p e l l e t s  and Rozol prepared a s  a  
ground spray and t e s t e d  on 7  p l o t s .  I n  a d d i t i o n  t o  t h e s e  rozo l  prepared 
a s  a  ground spray was t e s t e d  on f i v e  s e p a r a t e  orchard p l o t s .  
Figure 1 shows a typical orchard block that was selected for the 
testing of each candidate material. A section of orchard including a 
FIGURE 1. MAP INDEX OF TEST BLOCK 
THEW FAW ORCHARDS, ORANGE COUNTY. N.Y. 
GREENINGS 8 RU. DEL IC IOUS ( 2 0  ROWS PLUS) 
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Fig. 1. Typical orchard block selected for field testing of 
candidate control agents. 
block of trees approximately ten rows by 15 trees was treated with a 
single candidate preparation. Two pretreatment indices of vole activity 
were recorded before any test materials were applied. A plot within the 
150 tree boundary with at least two buffer rows on each side and six 
buffer trees at the end of each row was apple indexed at two, three and 
five weeks post treatment. At the end of the five-week index each of 
the plots was trapped for three days with two traps per tree to remove 
remaining voles. 
The most promising of all the candidate materials tested was ground- 
sprayed Rozol. This product seemed quite desirable from the standpoint 
that it could be mixed with water and applied to the orchard floor with 
a conventional speed-sprayer which practically all of the orchard owners 
possess. Unfortunately, Figs. 2 and 3 which show results from the 
seven separate orchards treated with the ground spray do not bear out 
the potential of this candidate material. In six of seven applications 
of Rozol as a ground spray the material was applied as recommended and 
allowed to dry on the vegetation for at least two days prior to any 
rainfall. In the seventh (Plot E) a light rain began approximately 2 
hours after application. The rain continued unabated for the next 24 
hours with a total rainfall during that period of 1.6 inches. As 
present we have no explanation for the apparent discrepancy or wide 
range of variation in the results obtained from this material. In plot 
G (Fig. 3) ground sprayed Rozol appeared to reduce the vole activity at 
Fig .  2. P i n e  v o l e  a c t i v i t y  b e f o r e  and a f t e r  t r e a t m e n t  w i t h  
ground s p r a y e d  Rozol. 
Percent 
Active 60 
Trees 
ground sproy 
Pre- 
treatment 1 2 3 4 5 6 
Weeks Post-Treatment 
Fig .  3 .  D i s p a r i t y  i n  a c t i v i t y  d a t a  f o l l o w i n g  t r e a t m e n t  w i t h  
ground s p r a y e d  Rozol on p a i r e d  p l o t s  t r e a t e d  on t h e  
same d a t e s .  
two weeks post treatment to approximately 50% of the initial activity 
index. At five weeks post treatment vole activity was reduced even 
further down to the 20% range. Spray plots A, B, C and F show absolutely 
no reduction in vole activity post treatment. The slight increase in 
activity above 100% is accounted for by the fact that activity in these 
plots is expressed as a percent of the activity in control plots of a 
similar size. Vole activity in plots D and E was reduced only moderately. 
At the end of two weeks the combined activity for the two plots was 
approximately 80% and at the end of five weeks the activity had declined 
to only 70% of the initial activity. On the basis of these results we 
conclude that ground sprayed Rozol is not a reliable control procedure 
when applied at concentrations recommended by the manufacturer in the 
conventional speed spraying apparatus. 
Rozol incorporated into baits that could be hand-placed in the vole 
burrows or under tar paper bait stations was somewhat more effective. 
In four test plots selected and handled as previously described, Rozol 
pellets containing .005% chlorophacinone and packaged in small cellophane 
packets as well as larger pellets with the same concentration of active 
ingredient showed a reduction in vole activity after one week (Fig. 4). 
ROZOL 
100 
80 
Percent 
Act ive 60 
Trees 
40 
20 
Pre- 
treatment 1 2 3 4 5 6 
Weeks Post -Treatment 
Fig. 4. Activity indices of plots treated with commercially 
prepared baits. 
At two weeks there was some disparity in results but by four weeks both 
the Rozol packets and the Rozol large pellets had substantially reduced 
the vole activity in the orchards to 10 and 40% of the initial activity 
index. Activity indices run at five weeks post treatment indicated a 
continuing low level of vole activity. 
In yet another orchard two formulations of Rozol small pellets were 
tested in orchards that had extremely high pine vole infestations and 
the results were even more promising. At the end of one week vole 
activity in both of these orchards had been reduced to less than 40% of 
initial activity. The decline in vole activity as measured by the 
activity index continued through the second, fourth and into the fifth 
week where vole activity approached 20% (Fig. 5). Here, as in other 
figures, activity in treated orchards is expressed as a percent of 
control activity. 
R ZOL 
anoi'pe~~ets 
Fig. 5. Activity indices of plots treated with commercially 
prepared baits. 
Figure 6 presents results from testing of Ramik (diphacinone) 
incorporated in small pellets and applied at the rate of 20 lbs. per 
acre in a single treatment, 10 lbs. per acre in a single treatment, and 
10 lbs. per acre plus a second treatment of 10 lbs. per acre (10+10). 
Our interpretation of these results is that the 10+10 application is the 
most effective of the three application rates tested in this experiment. 
The results presented here are encouraging but fail to point 
clearly to a control procedure that can be recommended for all orchard- 
ists in New York. Laboratory and field tests of these candidate mater- 
ials confirm for us that control of pine voles can be achieved but to do 
so requires labor intensive and costly procedures. The testing proce- 
dures that we used were laborious and painstaking and likely cannot or 
would not be duplicated by' the commercial grower. It is indeed 
unfortunate that ground-sprayed Rozol did not show clearcut efficacy. 
The apple growers are practically wedded to the speed spraying apparatus 
as a management procedure. The development of a rodent control material 
that could be applied with a speed sprayer would be a very practical end 
to achieve. 
Currently we are funded by the U.S. Department of Interior and the 
College of Agriculture and Life Sciences at Cornell to pursue alterna- 
tive control research. We anticipate additional funding from the 
RAMIK 
small pellets 
Pre- 
treafment 1 2 3 4 5 6 
Weeks Post-Treatment 
Fig. 6. Activity indices of three plots treated with 
commercially prepared baits. 
Department of Interior and perhaps from the college. At present we are 
participating in an effort to monitor the efficacy of ground-sprayed 
endrin which was applied to many of the orchards in the Hudson Valley 
in the fall of 1977. Endrin was released to the growers for mouse 
control on an emergency basis this past fall because of the substantial 
increase in pine vole damage and the lack of other kinds of adequate 
rodent control procedures. We have recently added a research technician 
to our staff who will be stationed at the Highland Fruit Lab and will 
spend full time assisting in the design and completion of research work 
aimed at pine mouse control. Our research unit is approximately 150 
miles from the key damage area so we are pleased to add a research 
person who can be located near the heart of the problem. In the coming 
year we expect to be in a position to test any new control chemicals or 
management procedures which show possibility in managing orchard rodent 
pests. Currently we are working with ideas that involve vegetation 
management of the orchard floor. It appears that the orchardist in 
managing for an abundant and high quality apple crop is inadvertantly 
encouraging reproduction and survival of the pine vole. Through vegeta- 
tion management or habitat manipulation there is a possibility of 
achieving a type of biological control that not only will alleviate the 
problem but perhaps point the way to inexpensive and more efficient 
methods for managing the orchard environment. Details of our work 
presented at this meeting that appear to be relevent to the planning 
or pursuit of a research project are available from the New York Cooper- 
ative Wildlife Research Unit. You may review copies of our data, field 
procedures and analytical methods simply by writing to the authors at 
the New York Cooperative Wildlife Research Unit, Department of Natural 
Resources, Cornell University, Ithaca, N.Y. 14853. 
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RECENT VOLE RESEARCH I N  NEW YORK'S HUDSON VALLEY 
Jonathan Bart  
Milo E. Richmond 
New York Cooperative W i l d l i f e  Research Unit 
Cornel l  Un ive r s i t y  
I t h a c a ,  N.Y.  14853 
During f a l l ,  1977, fou r  p o t e n t i a l  chemical methods f o r  c o n t r o l l i n g  
p ine  vo le s  (Pitymys pinetorum) were evaluated  on 12,  one h e c t a r e  p l o t s  
i n  t h r e e  app le  orchards  i n  t h e  lower Hudson River v a l l e y .  Each p l o t  
cons i s t ed  of 45 t r e e s .  Three p l o t s  were t r e a t e d  wi th  end r in ,  appl ied  a t  
t h e  recommended r a t e  of 1 . 5  l b s .  per  a c r e ;  two were t r e a t e d  wi th  2% 
t e c h n i c a l  Vacor (RH 787), app l i ed  i n  an unpe l l e t i zed  meal formula t ion  a t  
a  r a t e  of 60-70 gms per t r e e ;  two received 10% Vacor i n  an egg-sugar mix 
(marketed f o r  human consumption a s  "Marshmallow Fluff")  app l i ed  a t  t h e  
r a t e  of 5-10 grams per t r e e ;  two received Vydate, a  sys temic  nematocide 
h igh ly  t o x i c  t o  roden t s ,  a t  t h e  maximum recommended r a t e  of 15  l b s / a c r e ;  
and t h r e e  served a s  c o n t r o l s .  P r i o r  t o  t r ea tmen t ,  a l l  p l o t s  were 
sampled by l i v e  t r app ing  and use  of an apple  index t o  determine t h e  
presence  and abundance of p ine  vo le s  and meadow vo le s  (Microtus 
pennslyvanicus) .  
Following t rea tment  on November 16-18, t h e  p l o t s  were re-examined 
on t h e  6 t h ,  12 th ,  and 30th  days pos t - t rea tment .  Vydate and Vacor 
( u n p e l l e t i z e d  and i n  F l u f f )  provided l i t t l e  o r  no con t ro l .  Endrin was 
e f f e c t i v e  on one p l o t  (80% of t h e  t r e e s  a c t i v e  be fo re  t rea tment  were 
i n a c t i v e  fo l lowing t rea tment)  bu t  achieved only p a r t i a l  o r  no c o n t r o l  on 
t h e  o t h e r  two p l o t s .  Fu r the r  pos t - t rea tment  surveys of t h e s e  p l o t s  w i l l  
be  c a r r i e d  o u t  du r ing  s p r i n g ,  1978. 
In  a  second s tudy ,  p i n e  v o l e  d i s t r i b u t i o n  and abundance i n  abandoned 
o rcha rds  was i n v e s t i g a t e d .  We and o t h e r s  have noted t h a t  i f  an orchard 
i s  abandoned p ine  vo le s  r a p i d l y  d isappear  and meadow vo le s  become more 
abundant a s  t h e  g ra s s  grows longer  providing t h e  cover they r equ i r e .  
Furthermore,  i n  a c t i v e  o rcha rds  we r a r e l y  f i n d  p ine  vo le s  and meadow 
v o l e s  c o e x i s t i n g  i n  c l o s e  proximity.  These observat ions  coupled wi th  
o t h e r  pre l iminary  evidence sugges t  t h a t  i n  h a b i t a t s  providing t h e  food 
and cover requirements  of both  s p e c i e s ,  meadow v o l e s ,  which a r e  nea r ly  
twice  a s  l a r g e  a s  p ine  v o l e s ,  may be  a b l e  t o  exclude p ine  v o l e s .  I f  t h i s  
is t r u e  i t  might be  p o s s i b l e  t o  manage a c t i v e  orchards  i n  o rde r  t o  favor  
t h e  immigration of meadow v o l e s ,  a  spec i e s  posing considerably  l e s s  
t h r e a t  t o  app le  t r e e s  than p ine  vo le s .  
A f i r s t  s t e p  i n  eva lua t ing  t h e  u se  of meadow vo le s  t o  c o n t r o l  p ine  
v o l e s  was t o  determine whether p i n e  vo le s  a c t u a l l y  do d e c l i n e  i n  
abandoned orchards .  F ive  abandoned orchards  were trapped f o r  p ine  v o l e s .  
For each orchard  t h e r e  was evidence t h a t  p ine  vo le s  had been p re sen t  
p r i o r  t o  t h e  o rcha rd ' s  abandonment. This evidence cons i s t ed  of sub- 
s u r f a c e  g i r d l i n g  of t r e e s ,  remnants of subsurface  tunne l  systems, and 
informat ion supp l i ed  by growers. No p ine  vo le s  were found i n  any of t h e  
orchards ;  a l l  conta ined numerous meadow vo le s .  Fu r the r  i n v e s t i g a t i o n s  of 
t h e  p o s s i b i l i t y  of u s ing  meadow vo le s  and h a b i t a t  manipulation t o  c o n t r o l  
p i n e  v o l e s  w i l l  b e  conducted du r ing  1978. 
PINE VOLE CONTROL STUDIES IN VIRGINIA - 1977 
Ross E. Byers 
Associate Professor of Horticulture 
Winchester Fruit Research Laboratory 
Virginia Polytechnic Institute and State University 
Winchester, Virginia 22601 
ABSTRACT: Hand placed baits of Rozol (Chlorophacinone, CPN), Ramik- 
Brown (Diphacinone, DPN), and Talon (Brodifacoum, BFC) gave excellent 
control of pine voles in 1977. Vacor (RH 787) did not give adequate 
control when a meal preparation was hand placed at 10 lbs/A. 
Talon and Rozol broadcast at 25 and 22 lbs/A, respectively, gave 
100% and 96% control of pine voles. Five lbs/A of hand placed Talon 
gave equivalent control. A second broadcast experiment of LM 637, 
Rozol and Talon at 15 I~SIA each was followed by rain the next day but 
gave 21%, 66%, and 93% control, respectively. 
Ground cover spray of BFC at 5.1 g/ha (or 7.5 gltreated ha) was 
insufficient for good control and higher rates would be required. A 
deodorized kerosene formulation of CPN plus a sticker was compared to 
the Xylene-formulation presently used by the industry for ground cover 
sprays. Relatively poor control was obtained with both formulations. 
INTRODUCTION: The performance of new ground sprays and baits for 
pine vole control need year to year evaluation under field conditions 
so that a good understanding of many environmental variables, resis- 
tance development, and product quality control will result in more 
reliable recommendations. 
Any damage control method, must meet certain criteria before it 
can be implemented, such as: 1) economically practical, 2) elimination 
of damage under most orchard and weather conditions, 3) rapid treatment 
of large acreages with a minimum of labor power, and equipment, 4)mini- 
mum hazard to non-target species, 5) clearance by government agencies 
if the method is under federal or state control. 
Toxic baits and ground sprays have met, to a certain extent, all 
of the above criteria in the past, and remain the best possible control 
method for the immediate future. However, any method which would 
eliminate the need for government clearaxe will be of great value to 
the fruit industry. 
We have studied rootstock resistance (2) and cultural changes (3) 
as well as other alternatives to toxic chemicals. Since these methods 
have not adequately met the first 3 criteria, they will be covered in 
other papers. 
METHODS AND MATERIALS FOR PINE VOLE EXPERIMENTS: Evaluation of 
pine vole control plots was determined using methods previously des- 
cribed (1,5,6). Randomized complete block designs were used in pine 
vole experiments which were statistically analyzed. Orchards used for 
experiments in Table 1, Table 2, Table 3, Table 4, Table 5, and Table 6 
had approx. 38, 38, 36, 60, 60, and 80 treeslacre, respectively. All 
plantings were mature orchards in the vicinity of Winchester, Virginia 
in the age range of 25-40 years. All experiments utilized 24 sites per 
plot with 2 sitesltree, except one experiment (Table 6). In this ex- 
periment, the 24 sites per plot were established with 1 siteltree. 
In addition to pine vole studies, a meadow vole experiment was con- 
ducted near Vincennes, Indiana, in a 3-year-old orchard planted 10 ft X 
20 ft. The trees were cultivated 2 m wide in a tree line strip the 
previous spring and summer causing voles to reside in the middles. The 
orchard block consisted of 48 tree rows crossected by 2 crossroads at 
28 tree intervals. Each plot consisted of 7 rows wide (6 middles) X 28 
trees long. Twenty four sites were established per plot on top of the 
soil, about 3 ft from the trunk, adjacent to the cultivated strip and 
in a meadow vole runway at each of 24 interior trees which were in the 
center row of each plot. Since the voles might invade adjoining plots 
in a longitudinal fashion, because of the nature of the cultivated 
strips, plots were not arranged in a standard experimental design. 
Rather, plots were arranged so that treatments were joined on the end 
by the same treatment so that invasions of voles would be a remote 
possibility. Therefore, plots 1-3; 4-6; 7-9; 10-12; 16-18; 19-20; and 
22-23 were treated with the same broadcast treatments (Table 1). Plots 
13, 14, and 15 were treated with a single hand placed application of 
Ramik, Rozol, and Talon, respectively, on November 12. In addition, to 
identify the species, plot 613 was trapped October 21-26 and 37 meadow 
voles were caught. By November 3, meadow voles from border rows of 
plot /I13 sufficiently invaded this plot so that it could be treated on 
November 12. 
RESULTS OF PINE VOLE EXPERIMENTS: =placement of Ramik-Brown, 
Rozol, and Talon in a heavy pine vole population gave excellent control 
(Table 1). The treatments were applied just prior to a misty and light 
rain period which could have greatly affected control. Baits were 
placed in runways under shingles and excellent control was achieved. 
Talon at 5 lbs/A appeared to be the most effective treatment but statis- 
tical differences between the 3 materials were not detectable. 
In the same orchard, two plots of Vacor 2% meal bait was not 
adequate to control pine voles (Table 2). Previous experiments with 
pelletized Vacor also has failed to give adequate control (1,3). How- 
ever, a number of experiments with a 1% apple cube bait have given out- 
standing control (1,3,4). I therefore believe that a more acceptable 
formulation will be required. 
Since broadcast treatments of anticoagulant bait may greatly re- 
duce application costs, skilled labor requirements, reduce total treat- 
ment time of large acreages, and may reduce hazards to non-target 
species, Talon and Rozol were applied with a commercial fertilizer 
spreader to the tree line strip (Table 3). Application rates are ex- 
pressed as lbsfacre of orchard. Since only 213 of the orchard floorwas 
actually treated in these experiments, the rateltreated area (tree line 
strip) was 50% greater than that listed in the table. Outstanding con- 
trol was achieved with the broadcast treatments of Talon and Rozol. 
This orchard had been previously treated with anticoagulants for 3 
years and Ramik-Brown in two hand placed applications gave excellent 
control. 
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Ground spray a p p l i c a t i o n s  of Brodifacoum (BFC) and Chlorophacinone 
( ~ ~ ~ ) F c o n d u c t e d  i n  t h e  same orchard  b lock  (Table 4 and 5 ) .  P l o t s  
used f o r  t h e  Brodifacoum experiment (Table 4)  were probably  more uni-  
form and h e a v i e r  i n  popu la t i on  t han  i n  t h e  Chlorophacinone experiment 
(Table 5 ) .  The CPN fo rmu la t i ons  were app l i ed  on November 14  and t h e  
BFC on November 15 ,  1977. M i s t  and r a i n  occurred  November 17  and 18 ,  
1977, and much of  t h e  nex t  two weeks were a l s o  wet.  The BFC a t  5 .1  
g /ha  (0.01 lbs /A)  was approximately equ iva l en t  t o  CPN a t  0.22 g/ha 
(0 .2  lbs /A) .  
Broadcast  t r ea tmen t s  of LM 637, Rozol, and Talon were app l i ed  
December 13 ,  1977 j u s t  be fo re  a r a i n y  pe r iod  on December 14 ,  1977 
(Table 6) .  Examination of b a i t  i n  t h e  p l o t s  on December 15  i n d i c a t e d  
t h a t  t h e  b a i t  had become ve ry  wet and appeared t o  b e  unacceptable  t o  
t h e  vo l e s .  I n  s p i t e  o f  t h e  s e v e r e  weather cond i t i ons  t h e  Talon per-  
formed p r e t t y  w e l l  and t h e  Rozol d id  no t .  A wide v a r i a t i o n  i n  a c t i v i t y  
e x i s t e d  between p l o t s  w i th  both  t h e  Rozol (83%, 83% and 0%) and Talon 
(42, 0 ,  8).  Th i s  g r e a t  v a r i a t i o n  is  probably  r e l a t e d  t o  d i f f e r e n c e s  i n  
a c t i v i t y  of v o l e s  i n  v a r i o u s  s e c t i o n s  of t h e  orchard  du r ing  t h e  f i r s t  
24 hour pe r iod  which may have been due t o  t e r r a i n ,  t unne l  system deve- 
lopment ( s u r f a c e  v s  deep) ,  o r  ground cover d i f f e r e n c e s .  I n  any ca se ,  
t h e  b roadcas t i ng  of p e l l e t t e d  b a i t  is  probably  much more dependent on 
good weather c o n d i t i o n s  f o r  v o l e  a c t i v i t y  i n  t h e  upper runway sys tems,  
t han  hand placement i n  runs  and ho l e s .  With hand placement,  l a r g e  
q u a n t i t i e s  of b a i t  may b e  found by t h e  v o l e s  and r e l o c a t e d  i n  t h e  f i r s t  
24 hours.  Broadcast  b a i t s  may n o t  be  found a s  qu i ck ly  by animals  and 
s u f f i c i e n t  q u a n t i t i e s  must be  sought o u t  and accumulated b e f o r e  
weather ing  occurs .  
The b roadcas t  b a i t  method has  many advantages over  hand placement 
of  b a i t  and/or  ground cover sp rays .  Broadcas t ing  of b a i t  is  more 
r a p i d ,  r e q u i r e s  l e s s  c o s t l y  equipment, less l a b o r ,  e a s i e r  c a l i b r a t i o n  
and may b e  less c o s t l y .  
V o l e s /  s i te  
Figu re  1. L inea r  r e g r e s s i o n  of % a c t i v e  s i t e s  ( 0 )  and h igh ly  a c t i v e  
s i t e s  ( 0 )  on v o l e s / s i t e  i n  23 p l o t s .  
Table  5. E f f e c t  of Chlorophacinone ground-cover sp rays  on p i n e  v o l e  
a c t i v i t y  and popu la t i ons  t r e a t e d  Nov. 14 ,  1977. 
No. of Rate  % A c t i v i t y Z  Vo le s /p lo t  Voles/  % 
Treatment p l o t s  kg/ha l b s / ~  Nov 11 Dec 2  (Dec 6-13) s i t e  Contro l  
Con t ro l  3  -- -- 8 3 a Y  6 8 a  1 5 . 3 a  0 . 6 4 a  0  
CPN-Xylene 
fo rmu la t i on  3  0.22 0.20 87 a  31  b  4.6 b  0.19 b  70 
CPN-Deodorized 
Kerosene fo rmu la t i on  
Witco (775) 
112 p t / 100  g a l .  3  0.22 0.20 8 3 a  3 8 b  7.6 b  0.32 b  50 
Apples p laced  i n  2  h o l e s  o r  runs  5-15 cm below t h e  s o i l  s u r f a c e  on oppos i t e  s i d e s  of 
t h e  t r e e  t r unk  were examined 24 h r s .  a f t e r  placement.  Pe rcen t  a c t i v i t y  r e f e r s  t o  a l l  
s i t e s  w i th  v o l e  t o o t h  marks on t h e  app l e .  
Mean s e p a r a t i o n ,  w i t h i n  columns by Duncan's m u l t i p l e  range  t e s t ,  5%. 
Table  6. E f f e c t  of b roadcas t  an t i coagu lan t  b a i t s  on p ine  v o l e  a c t i v i t y  
t r e a t e d  Dec. 13 ,  1977. 
No. of Rate  % A c t i v i t  ~ s t i m a t e d ~  % 
~ r e a t m e n t ~  p l o t s  kg/ha lbs /A Dec 2  DecY30 V o l e s / s i t e  Contro l  
Con t ro l  3  -- -- 96 aY 88 a  1.65 0  
Talon-BFC 3  16 .8  15  9 2 a  1 7 b  0.12 93 
Apples p laced  i n  2  ho l e s  o r  runs  5-15 cm below t h e  s o i l  s u r f a c e  on 
oppos i t e  s i d e s  of t h e  t r e e  t r unk  were examined 24 h r s .  a f t e r  
placement.  Pe rcen t  a c t i v i t y  r e f e r s  t o  a l l  s i t e s  w i th  v o l e  t o o t h  
marks on t h e  app l e .  
Mean s e p a r a t i o n ,  w i t h i n  columns by Duncan's m u l t i p l e  range  t e s t ,  5%. 
X Vole popu la t i on  was e s t ima ted  from r e g r e s s i o n  curve from 1975 and 
1976 d a t a  (Byers 1978).  
W Rain occurred  on Dec. 14  which caused a l l  b a i t s  t o  d e t e r i o r a t e .  
MEADOW VOLE EXPERIMENT: The app le  a c t i v i t y  t e s t ,  used i n  p ine  
v o l e  s t u d i e s  (1 ,2 ) ,  was adapted f o r  u se  on meadow vo le s  (Figure  1, 
Table 7 ) .  An app le  wi th  a  3-4 cm s l i c e  removed from t h e  app le  was 
p laced i n  a  runway and covered wi th  a  sh ing le .  Af t e r  24 hours  t h e  
app le s  were checked f o r  vo le  t oo th  marks and recorded a s  h igh ly  o r  
s l i g h t l y  a c t i v e  Percent  h igh  a c t i v i t y  r e f e r r e d  t o  t h e  pe rcen t  of 
app le s  having a  p o r t i o n  l a r g e r  than a  semisphere of 2.5 cm (approx 
2.5 g)  removed by t h e  vo le s .  Percent  a c t i v i t y  r e f e r r e d  t o  pe rcen t  of 
app le s  w i th  v o l e  t o o t h  marks. Only % high a c t i v i t y  should be  presented  
(Table 7) s i n c e  i t  i s  much b e t t e r  c o r r e l a t e d  t o  t h e  v o l e  popula t ions  
a t  t r a p  o u t  ( r  = 0.87, y  = 3.35 + 41.36 x,  Figure  1 )  t han  % a c t i v i t y  
( r  = 0.47, y  = 50 + 30.2 x, Figure  1). The q u a d r a t i c  r eg re s s ions  were 
n o t  s i g n i f i c a n t .  I b e l i e v e  t h e  reason % a c t i v i t y  was n o t  w e l l  co r r e l a -  
t e d  was because meadow v o l e s  a r e  known t o  range over a  l a r g e  a r e a  and 
w i l l  f eed  t o  some e x t e n t  a t  each monitor s i t e .  Therefore ,  % a c t i v i t y  
r ead ings  f o r  meadow vo le s  may be unusual ly  h igh  even though ve ry  low 
popu la t ions  a c t u a l l y  e x i s t .  S ince  % h igh  a c t i v i t y  was dependent on 
consumption of a t  l e a s t  2.5 g  of app le  a t  each s i t e ,  a  b e t t e r  c o r r e l a -  
t i o n  wi th  popula t ion  was obta ined.  I n  a d d i t i o n ,  I b e l i e v e  weights  of 
app le  consumption may give  a  b e t t e r  c o r r e l a t i o n  wi th  popula t ion  than 
t h i s  e s t ima te ;  however, weighing each app le  may no t  be  p r a c t i c a l  when 
l a r g e  numbers of p l o t s  and s i t e s  a r e  t o  be  evaluated .  The number of 
s i t e s  pe r  h e c t a r e  a c r e  may a l s o  be  important t o  s t a n d a r d i z e ,  s i n c e  
popula t ions  of meadow v o l e s  may ove r l ap  a  number of monitor s i t e s .  
However, t h i s  may be  d i f f i c u l t  because of t h e  g r e a t  v a r i a t i o n  i n  t r e e  
numbers pe r  h a ,  and orchard  des ign  from experiment t o  experiment.  I n  
previous  p i n e  v o l e  experiments,  two s i t e s  per t r e e  were e s t a b l i s h e d  
when t r e e  popula t ions  were below 70 t r e e s  per  a c r e ,  and one s i t e  per  
t r e e  above about 80 t r e e s  per a c r e  (1) .  This s i t e  spacing we b e l i e v e  
has  allowed popu la t ion  ove r l ap  of approx 2  monitor s i t e s  i n  a  24 hour 
per iod.  Meadow v o l e  ove r l ap  may involve  many more s i t e s  when they a r e  
c l o s e l y  spaced; and even a  very  smal l  popula t ion  i n  t h e  v i c i n i t y  of a  
monitor s i t e  may be  de t ec t ed .  I n  a d d i t i o n ,  dropped app le s  i n  bea r ing  
orchard  experiments would probably lower v i s i t a t i o n  and feeding a t  
monitor s i t e s  and thus  d i f f e r e n t  c o r r e l a t i o n s  would be expected com- 
pared t o  a  non-bearing orchard  s i t u a t i o n .  
The f i r s t  13 .4  kg/ha (12 lb/A) broadcas t  t rea tment  (October) 
appeared t o  reduce t h e  % high a c t i v i t y  i n  a l l  of t h e  t r e a t e d  p l o t s ,  
however, a  heavy popula t ion  s t i l l  appeared t o  be  p re sen t  a s  i nd i ca t ed  
from a c t i v i t y  r eco rds  of November 3 and November 10. For t h i s  r ea son ,  
a  second a p p l i c a t i o n  of b a i t s  was app l i ed  November 12  a t  t he  same r a t e  
pe r  a c r e ;  un t r ea t ed  p l o t s  13 ,  14 ,  and 15 were t r e a t e d  November 12 by 
hand p l ac ing  b a i t s  i n  runways a t  t h e  r a t e s  i nd i ca t ed  (Table 7 ) .  
A g r e a t e r  e f f e c t  from t h e  second a p p l i c a t i o n  was suspected  and may 
have been t h e  r e s u l t  of a  number of low temperature f r e e z e s  occu r r ing  
between t h e  f i r s t  a p p l i c a t i o n  and t h e  second a p p l i c a t i o n  and/or t h e  
p o s s i b l e  accumulation of an t i coagu lan t  i n  t h e  animals.  The s i n g l e  hand 
placed a p p l i c a t i o n s  of DPN, CPN, and BFC appeared t o  have given ex- 
c e l l e n t  c o n t r o l .  However, t r a i l  b a i t i n g  f o r  meadow vo le s  may no t  be 
adv i sab le  un le s s  s i t e s  a r e  covered with some type  of s i t e  cover t o  r e -  
duce hazard t o  dogs,  c a t s  o r  o t h e r  non-target spec i e s .  This  type 
hazard  is much l e s s  f o r  p ine  vo le s  s i n c e  b a i t s  a r e  placed i n  under- 
ground ho le s  and runways and a r e  removed by vo le s  t o  underground caches.  
Table 7. Effect of anticoagulant baits on meadow vole activity and pupulations. 
Plot % Hi h activit ~oleslplot~ ~oleslsite~~ % Vole 
Treatment No. Oct 20 No: 3 Nov 1; Nov 26 (Dec 1-5,1977) (Dec 1-5.1977) controlZ 
Control - no treatment 
Hamik-Brown (DPN) 
Broadcast 
13.4 kglha Oct 22 
13.4 kglha Nov 12 
Roaol (CPN) 
Broadcast 
13.4 kglha Oct 22 
13.4 kglha Nov 12 
Talon (BFC) 7 79 29 21 4 0 0.00 100 
Broadcast 8 29 25 38 13 1 0.04 96 
13.4 kglha Oct 22 9 29 29 13 4 1 0.04 96 
13.4 kglha Nov 12 16 33 8 25 0 0 0.00 100 
17 43 24 57 19 2 0.09 92 
18 83 42 54 21 6 0.25 - 77
AV 49 26 35 10 1.7 + 1.9 0.07 2 0.08 
UL 72 36 48 17 100 
LL 28 15 19 2 88 
Hand Placed 
Ramik-Brown (DPN) 1 3 ~  38 38 21 4 3 0.14 87 
11.2 kelha Nov 12 
Confidence interval. 90%, determined within columns within treatments. Percent data was transformed 
to arc sin before upper (UL) and lower (LL) limits were determined. 
One site was established per tree by placing an apple in an active runway and covering with a shingle. 
All plots contained 24 sites except plots 22, 23, and 17 which had 21, 17, and 21 sites, respectively. 
Refers to the X of sites having apple consumptian greater than a semi-sphere of 2.5 cm. 
Plot113 was dead trapped Oct 21-26 and 37 meadow voles were caught. Invasion from border rows was 
sufficient by Nov 3 to use as a test plot on Nov 12. 
Tab le  8. Penned p ine  v o l e s  t r e a t e d  w i t h  a ground cover  s p r a y  
of Chlorophacinone (CPN) a t  0 . 3  l b s l t r e a t e d  a r e a .  
M o r t a l i t y  a f t e r  
14 days 
Ex er iment  /i 1 
CPN sprayed  g r a s s Y  + unspra;ed s o i l  618 
CPN sprayed  s o i l Z  + unsprayed g r a s s  418 
Ex e r iment  ii 2 
CPN sprayed  s o i l Z  + CPN sprzyed  g r a s s y  
No t r e a tmen t  3/10 
- 
P i n e  v o l e s  were al lowed t o  e s t a b l i s h  runway systems under 
boa rds  i n  pens.  Boards were removed and t r a i l  sys tems 
sprayed  and boards  r ep l aced  p r i o r  t o  i n t r o d u c t i o n  of  an imals  
1 hour a f t e r  sp r ay ing .  
Orchard g r a s s  was sprayed  i n  an  o r cha rd ,  al lowed t o  d r y ,  dug, 
and p l aced  i n  t h e  f e e d e r  box. 
Feeders ,  wa t e r  b o t t l e s ,  and a p p l e s  were s u p p l i e d  i n  a d d i t i o n  
t o  g r a s s .  
PENNED PINE VOLE EXPERIMENT: Two 318 inch hardware cloth wire 
enclosures were made for testing groundcover spray effects on pine vole 
populations. Pens were 9 ft X 3.3 ft each and extended 1.5 ft below 
and 2.5 ft above the soil surface. Animals were allowed 10 days or 
more to establish tunnels and acclimate to feeding box, water, apples, 
etc. Voles were live trapped over a 2 day period prior to treatment 
and returned 1 hour after treatment. During the acclimation period 
voles did not get along well and some loss was always experienced. The 
loss of 3 animals in the untreated control over a 14 day period tended 
to negate these tests (Table 8). However, it did appear in the first 
experiment that spraying the runways was about as effective as spraying 
the grass only. In the second experiment all animals were killed when 
soil and orchard grass were sprayed. I was not happy with the losses of 
animals in these penned experiments, and some method changes would be 
necessary to obtain good results. These preliminary results suggest 
however that contamination of both the runway system and the food supply 
is important to get the toxicant to the animal as was suggested by 
Horsfall in 1956 (7). 
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ABSTRACT: Pine vo le  a t t a c k  of one-year-old stem t i s s u e  of clones rep- 
r e sen t ing  many hybrid and o the r  species  revealed 5 c u l t i v a r s  apparent ly  
l e s s  suscep t ib le  t o  damage when compared t o  Golden Del ic ious  stems. 
Fusca seemed t o  be l e a s t  a t tacked along with  74R5M9-62, PI  286613, 
N . Y .  11928, and Hal l .  
INTRODUCTION: Several methods of pine vo le  con t ro l  have been used 
by growers i n  the  Central-Eastern United S ta te s .  For t h e  pas t  15-20 
years  Endrin was used a s  a ground spray t o  con t ro l  p ine  vo les  (4 & 5 ) .  
However, where Endrin has  been continuously used f o r  over 10 years ,  
r e s i s t a n t  s t r a i n s  of mice have developed thus decreasing i t s  e f fec t ive -  
ness  (2).  I n  recent  years  ant icoagulant  b a i t s  have been used t o  con- 
t r o l  these  r e s i s t a n t  voles .  
The development of new and e f f e c t i v e  roden t i c ides ,  t h a t  a r e  a l s o  
environmentally s a f e ,  has been an expensive and long term p r o j e c t .  
Many chemical companies faced with  t i g h t e r  f e d e r a l  r e g i s t r a t i o n  laws 
and increased expenses a r e  becoming more r e l u c t a n t  t o  inves t  money i n  
t h e  development of rodent ic ides  ( 6 ) .  
Cul tu ra l  management p r a c t i c e s  have not  proven adequate f o r  con- 
t r o l l i n g  the  pine  vo le  problem,&areexpensive i n  terms of l abor ,  energy, 
and machinery. Even though combinations of c u l t u r a l  and tox ican t  con- 
t r o l  methods have been found t o  be  e f f e c t i v e  f o r  vo le  con t ro l  (2 ) ,  t h e  
a d d i t i o n a l  expense f o r  c u l t u r a l  changes may be quest ionable .  
New methods must be developed t o  con t ro l  vo le  damage during pe r i -  
ods when the  grower cannot b a i t  o r  spray ( i e  under snow). The develop- 
ment of roots tocks  r e s i s t a n t  t o  damage could g r e a t l y  reduce t h e  sever- 
i t y  of t h e  vo le  problem. Some roots tocks  have been observed by Hort i -  
c u l t u r i s t s  t o  have vole  damage d i f f e rences .  We have developed a 
screening technique f o r  p o t e n t i a l l y  r e s i s t a n t  roots tocks .  
MATERIALS & METHODS: Most of t h e  c u l t i v a r s  used i n  these  experi-  
ments were provided by D r .  Cumins a t  t h e  Geneva Research S t a t i o n  i n  
Geneva, N.Y. The ma te r i a l  was co l l ec ted  and shipped whi le  s t i l l  f u l l y  
dormant during t h e  winter  months (January - March) of 1977 and 1978 t o  
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Winchester, Va. Golden Del ic ious  sc ions  co l l ec ted  i n  t h e  Winchester 
a rea ,  were used i n  a pai red comparison tank t e s t  wi th  t h e  wood s e n t  
from Geneva. 
The animals were a d u l t  p ine  vo les  trapped i n  t h e  Winchester a rea  
and some juven i l e s  r a i s e d  i n  cages. Twenty mice were se lec ted  f o r  each 
experiment, however, by t h e  end of t h e  period some animals were usual ly  
k i l l e d  (2-5) i n  f igh t ing .  The tank was 6 f e e t  i n  diameter wi th  a c i r -  
c u l a r  p a r t i t i o n  i n  t h e  cen te r ,  4 f t  i n  diameter.  Six  inches of sandy 
loam s o i l  mixed with  oak bark mulch was put i n  t h e  tank. The animals 
were then placed i n  t h e  tank cen te r  p a r t i t i o n e d  area .  I n  1977, bur lap 
s t r i p s  were o f fe red  f o r  bedding and i n  1978 orchard g rass  and n a t u r a l  
ground cover was used. #The tank was insu la ted  t o  keep t h e  temperature 
a t  20 + 2 "  C .  It was a l s o  covered and kept  i n  t o t a l  darkness.  The 
animals were o f fe red  water and commercial r a t  food ("Lab-Blox", Al l i ed  
M i l l s ,  I nc . ,  Chicago, I l l i n o i s )  continuously throughout a l l  experiments. 
There were 19 single-stem r e p l i c a t i o n s  wi th  t h e  wood arranged i n  blocks 
equa l ly  spaced i n  t h e  o u t e r  12 inch circumference of the  tank. The 
stems were placed i n  4 inch f l o r a l  tubes containing water t o  prevent 
t h e  m a t e r i a l  from drying during t h e  t e s t .  The wood ranged from 0.15 - 
1.01 cm i n  diameter and 15-17 cm long taken from 1 year-old-wood. The 
f l o r a l  tube was placed i n  t h e  s o i l  allowing approximately 10 cm of t h e  
stem t o  remain above ground and exposed t o  t h e  voles .  The holes  i n  t h e  
p a r t i t i o n  were opened t o  allow t h e  animals access  t o  t h e  wood. They 
were exposed t o  t h e  wood f o r  varying l eng ths  of t ime, mostly 72 and 96 
h r s .  Af te r  t h i s  per iod t h e  wood was removed and r a t e d  by a 0-4 damage 
r a t i n g :  0 = no damage, 1 = l e s s  than ha l f  g i rd led ,  2 = 112 g i rd led  o r  
more, 3 = completely g i rd led ,  4 = cu t  i n t o  a t  l e a s t  two pieces  ( 3 ) ,  
and a s u b j e c t i v e  measure of t h e  % bark removed was a l s o  recorded. 
RESULTS AND DISCUSSION: The roo t s tock  Fusca has been r e j e c t e d  by 
t h e  voles  i n  2 t e s t  years  (1977, 1978, Table 1 and 2).  A Japanese root- 
s tock  M. X sublobata  PI  286613, Ha l l ,  and N . Y .  11928 a l s o  turned out  
s i g n i f i c a n t  i n  1977 (Table 1) . 
Varying diameters of t h e  wood was found t o  in f luence  t e s t  r e s u l t s .  
This problem was reduced with  t h e  e x t r a c t i o n  of t h e  diameter covar ient  
i n  1977 (Table 1 )  and e l iminated by t h e  use  of pai red comparison t e s t -  
ing  wi th  s i m i l a r  diameter wood i n  1978 (Table 2) .  
We f e l t  t h e  tank t e s t  used i n  t h e  1977 and 1978 experiments had 
c e r t a i n  advantages t o  caged t r i a l s  (1) such a s :  1 )  p ine  vo les  were 
placed i n  a more n a t u r a l  environment, 2) animal t o  animal v a r i a t i o n  was 
removed because a l l  wood i n  an experiment was sub jec t  t o  exposure t o  a l l  
animals i n  t h e  tank,  3) l e s s  wood i s  used, 4)  more v a r i e t i e s  and types 
can be  t e s t e d  a t  one time. The pa i red  comparison t e s t i n g  i n  t h e  1978 
t r i a l s  removed t o  a l a r g e  degree problems with  t h e  diameter f a c t o r  and 
is  t h e  p re fe r red  method a t  t h i s  time. 
Table  1. Damage t o  app l e  r o o t s t o c k  stems by p ine  v o l e s  i n  a 72 h r .  
t ank  t r i a l ,  u s ing  'Golden De l i c ious '  a s  a s t anda rd .  
Rootstock 
Adjusted Adjusted Damage Rat ing  
Damage (%)' (0-4)X 
P I  286613 14  a Z  
NY 11928 15  a 
H a l l  1 8  ab 
Fusca 26 ab 
PK 14 
W 
35 bc  
Golden De l i c ious  ( f )  44 c 
Rink 752 46 c 
Contro l  47 c 
Parwar 50 c 
1.1 a 
1 .2  a 
1 .4  ab 
1 .7  abc  
2 .1  bcd 
2.4 cd 
2.5 d 
2.5 d 
2.6 d 
Mean s e p a r a t i o n ,  w i t h i n  columns by Duncan's m u l t i p l e  range  
test,  5%. 
Percentage  a r c  s i n  transformed means p re sen t ed  were a d j u s t e d  f o r  
wood d iameter  cova r i en t .  Pe rcen t ages  were an e s t i m a t i o n  of ba rk  
s t r i p p e d  from stem p i e c e s .  
Damage r a t i n g :  0 = no damage, 1 = l e s s  t han  112 g i r d l e d ,  
2 = 112 g i r d l e d  o r  more, 3 = completely g i r d l e d ,  4 = cu t  i n t o  a t  
l e a s t  two p i eces .  Means p re sen t ed  were ad ju s t ed  f o r  wood 
d iameter  cova r i en t .  
W Golden De l i c ious  stems were al lowed t o  absorb a 50 : l  formaldehyde: 
water  s o l u t i o n  from t h e  c u t  base  f o r  72 h r s .  
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HERBACEOUS COVER SPRAY OF CHLOROPHACINONE FOR 
MEADOW MICE CONTROL IN APPLE ORCHARDS 
Raymond E. Hunter 
Grant-Adams Area Extension Agent - Horticulture 
P. 0. Box 608 
Ephrata, Washington 98823 
ABSTRACT: Very effective control of the short-tailed meadow mice (Microtus 
spp.) was obtained by means of grass and weed spraying in two orchards with 
Chlorophacinone. This toxin was applied in  one orchard with a boom-type 
tractor sprayer and in  another orchard with a hand-gun nozzle operated from the 
tractor manually. The anti-cwgulant rodenticide in  each orchard was mixed in  
spray tanks at the rate of one pint per 100 gallons water. Spray was directed to 
an area two feet on each side of apple tree rows applying six pints of the con- 
centrate per treated acre. A five-foot strip of dense grassy area bordering the 
orchards was also sprayed to  prevent mouse invasion. We found no injurious 
affect to  wi ldl i fe or domestic animals that were in the vacinity of orchards 
following toxicant treatment. 
INTRODUCTION: The short-tailed meadow mouse causes considerabe damage 
to fruit trees throughout the orchard regions of Washington. Mice gnaw and peel 
the bark from trunks and roots of trees at or just below the ground line. Mouse 
injury can weaken trees while also serving as points of infection of various root 
rot diseases. When severly girdled, the trees die unless bridge-grafted. 
This species of mice is medium-size, stout (1.5-2.0 ounces) with small, black, 
beadlike eyes and small, fur-covered ears. An important designating feature i s  
its short tai l  (1/3 of head and body length) which i s  covered with hair. The feet 
do not have black guard hairs. 
We find very significant differences in  the palitabil ity of fruit tree bark to the 
short-tailed meadow mice. Young apple trees are preferred over a l l  over fruits. 
Pear is much less acceptabie than apple, but preferred over stone fruits. Peach 
and, in  some instances, cherry trees can be attacked while apricot, plum and 
prune are rarely fed on. 
The volume of bark and trunk i s  important. In contrast to large, mature trees, a 
young tree has only a limited amount of bark, and a few mice can readily girdle. 
Meadow mice prefer the relatively soft and susceptible young or inner bark. 
Thus, older trees with heavy, thick bark are less susceptible to serious injury or 
loss. 
HABITAT: In orchards, mice runways tend to be concentrated more heavily under 
the drip l ine of the trees. In hedge-row plantings, they extend up and down the 
row. Nests are often located near or close to  the trunk of the tree. Rarely are 
the various colonies well-distributed in or near the orchard. They are more 
common or frequent where the soil i s  deep, fertile, well covered with grass and 
weeds and well drained. Activity i s  evident by small piles of brownish droppings 
and short grass clippings scattered along the path under the canopy of the cover. 
The freshness of these droppings and clippings is indicative of recent activity. 
How closely the vegetation along the sides of these paths is clipped as well as 
the width of the path i s  a fair indication of the presence of mice and population 
numbers. 
The failure to find evidence of much activity in  these runways requires some 
interpretation. This may be the result of a heavy mouse ki l l ,  or indication that 
mice have abandoned the area or path. Regardless, once established, this net- 
work may be readily re-invaded and worked. 
The meadow mouse in  Washington orchards lives in  an environment just below or 
above the soil surface. Here i t  forms an extensive network of runways. It feeds 
on the succulent stems and roots of grasses, legumes, and weeds above these 
paths. It nests just below the soil surface, in dense cover, often at the base of 
trees where there i s  l i t t le disturbance and good protection from its natural enemies: 
hawks, owls, shrikes, snakes, badgers, coyotes and skunks. 
Its enormous appetite combined with prolif ic breeding causes much of the problem. 
Each mouse may eat its weight in forage daily. It can produce as many as eight 
to ten litters per year with an overage of six and up to eleven young per l itter. 
The new females become sexually mature and can begin breeding at just four 
weeks of age. 
We observe that mouse populations are eradic both within and between years. 
Their number i s  lowest in  the spring and highest in the fall. Peaks in population 
occur approximately every four years in Washington state. These peaks and the 
abi l i ty to  multiply so rapidly have often been misinterpreted as a migration of 
heavy mouse populations into the orchard. While such migrations do occur, they 
are usually of only limited distance from around or within the orchard. 
SELECTION OF PLOTS: Two five-year-old semi-dwarfed apply orchards with 
mice act iv i ty were selected for Chlorophacinone plot establishment. Both sites 
were located on well drained, very fine silt I w m  soils with a sloping topography. 
Each orchard block had a dense strip of grass and weed cover (annual and 
~erennials) around trees. Between tree row, summer beating had been maintained 
from eight to ten inches from trees. 
Orchard "A" had a heavy amount of mice activity -- network of runways and 
holes in ground between rows and around trees while orchard " B "  had only 
moderate act iv i ty of mice. 
Tree Spacing 
Root stock 
Varieties 
Irrigation 
Ground cover - % grass 
- % b- leaf  
Ave. ht. ground cover 
around tree 
Orchard "A1' 
10' X 20' (218 trees/A) 
Mal l  ing Merton 106 
Red & Golden Delicious 
Sprinkler - overhead 
85 
15 
14 inches 
Orchard I'B" 
10' X 20' (218 trees/A) 
Malling V I I  
Red & Golden Delicious 
R i l l  
50 
50 
26 inches 
DETERMINING MICE POPULATIONS: Three methods were used to  determine 
the act iv i ty and population of mice in  the two orchards before treatment: (1) 
observation on both sides of tree rows t o  determine presence of active recent 
surface trails, holes, grass clippings and fresh droppings in  forage ground cover. 
(2) placement of thirty 5/8-inch pealed slices of apples in  active runways or 
holes. Twenty-four hours later, apple slices were checked for mice tooth mark- 
ings and recorded and, finally, (3) placement of thirty wooden snap-type mouse 
traps baited with apple slices (one per tree) near active run trails or holes in 
ground. Traps were checked daily for following three days, re-baited and re-set 
when necessary. Thirty trees were used per orchard plot. Results were as follows: 
Method: Orchard "A" Orchard "B" 
(1) Observation 26 trails, 7 holes, 8 trails, 2 holes, 4 
14 piles grass clippings, piles grass clippings, 
4 dropping piles 1 dropping pi le 
(2) Apple slices 28 11 
chewed on 
(3) Mice trapped 17 6 
TOXICANT: To the knowledge of the writer, this is the first test plots to be 
established in  tree fruit orchards within the state of Washington to employ 
Chlorophacinone 2-/(p-chloraphenyl) phenylaceryl/-l ,3-lndandione (contains 
0.40 pounds chlorophacinone per gallon) as a herbaceous cover spray for the 
control of short-tailed meadow mice. 
The toxicant was sprayed on ground forage in six acres of orchard "A" with a 
handgun nozzle operated manually from tractor. Orchard "B" used tractor 
equipped with spray boom. The anti-cwgulant rodenticide in  each orchard was 
mixed i n  spray tanks at  the rate of one pint per 100 gallons water. Spray was 
directed to the ground forage area two feet on each side of apple tree rows 
applying six pints of the concentrate per treated acre. A five-foot strip of dense 
grass and weedy area bordering the orchards was also sprayed to  prevent mouse 
invasion. 
Treatments were made in early November on a clear day, no wind and temperatures 
near 50'~. 
RESULTS FOLLOWING TOXICANT TREATMENT: New 30 tree plot sites were 
selected within treated areas of orchards skipping three rows over from "check plot" 
and four trees down. Using same procedure as described in  "Determining Mice 
Population", results were: 
Table # 1  EFFECT OF CPN GROUND SPRAY ON MEADOW MICE ACTIVITY 
Orchard "A"  Orchard "B" 
Days From Treatment-CPN Spray Check* Check* 
Apple Slices Chewed On 
2 11 0 4 
0 - 0 - 
0 - 0 - 
Mice Trapped 
0 0 
* Apple slices were placed in  the checks 8 days fallowing treatment, but not 
subsequently. 
EVALUATION AND DISCUSSION: The two cooperating orchardists, who have 
had considerable experience with short-tailed meadow mice problems, and the 
writer are enthusiastic with the mice k i l l ing effect of the toxicant. Results 
following treatment show that mice populations were reduced even below what is 
considered a safe level in  Washington tree fruit orchards. N o  mice activity was 
observed in the orchards following the melting of a six-inch snow cover in  early 
January. 
There are presently three rodenticides labeled far use in  Washington orchards: (1) 
zinc phosphide, a poison used to mix with various kinds of baits; (2) Ramik Brown, 
a pellet bait incorporating the anti-coagulant diphacinone; and, (3) Endrin, a 
chlorinated hydrocarbon insecticide used in  spraying the orchard floor and/or 
borders for long-term control. 
Where the application of rodenticides has been our principle means of control l ing 
mice, there are other practices we feel which may be used to reduce the hazzard of 
extensive short-tailed meadow mouse damage to  trees. These are important because 
even the loss or weakening of a few trees in  a planting can be very costly in  loss 
production. Mouse damage can occur in our orchards at almost any time during the 
year. 
Maintaining an area free of vegetation around each tree can greatly reduce the 
hazzard. Mice do not nest in or l ike to cross ground where there i s  no ground cover. 
Mechanical guards can be constructed to encircle young trees. These can be wire 
guards of one-half inch hardware cloth cut to 18 inches square and closed with simple 
hog rings around a loose collar about six inches in  diameter around the tree. Plastic 
guards also are made available for this purpose. 
Mechanically cutting up the sod cover i s  another method which can be used to reduce 
mouse populations. This breaks up runways and disturbes the mouse population. 
REPRODUCTIVE PATTERNS IN THE PINE VOLE 
Margaret Hors fa l l  Schadler  
Department of  Biological  Sciences 
Union College 
Schenectady, New York 12308 
ABSTRACT: Reproductive p o t e n t i a l  i n  t h e  p ine  vole  is  low compared 
with o t h e r  small  rodents  including o t h e r  spec ie s  o f  vo le s ,  Age of  
ma tu r i ty  i s  l a t e .  Males do not rcach puber ty  before  51 days and females 
before  77 days. Es t rus  and ovula t ion a r e  not spontaneous but  tend t o  be 
induced by mature males. Gestation i s  long (24 days).  L i t t e r  s i z e s  a r e  
small  (2.8 young weaned p e r  female). L i t t e r s  a r e  produced l e s s  
f r equen t ly  because, although females mate and conceive wi thin  3 days o f  
p a r t u r i t i o n ,  prolonged g e s t a t i o n  i n s u r e s  a  minimum of  24-27 days between 
l i t t e r s .  Only dominant females i n  a  group c a r r y  l i t t e r s  t o  term 
rega rd le s s  of  t h e  age of  o t h e r  females i n  t h e  group. L i f e  span i s  s h o r t  
and crowding delays  reproduct ive  ma tu r i ty  thereby reducing p o t e n t i a l  f o r  
l a r g e  popula t ion inc reases .  
INTRODUCTION: Highl ights  o f  t h e  f i r s t  Eas tern  Pine and Meadow Vole 
Symposium noted t h a t  a  s e r i o u s  p ine  vo le  problem e x i s t s  and t h a t  much 
r e sea rch  w i l l  be r equ i red  t o  f i n d  t h e  r e a l  s o l u t i o n  t o  t h e  problem, 
Control i s  now exe rc i sed  through t h e  use o f  t ox ican t s .  However, i n  
New York S t a t e  environmental is ts  and wild l i f e  groups who were opposed 
t o  t h e  use o f  p e s t i c i d e s  succeeded i n  p r o h i b i t i n g  Endrin i n  1971. Without 
Endrin t h e  p ine  vo le  problem worsened and l a s t  f a l l  a s  a  "stop-gap 
measure" t h e  Commissioner of t h e  Department o f  Environmental Conservation 
l i f t e d  t h e  ban temporar i ly .  The l i f t i n g  of  t h e  ban brought many p r o t e s t s  
but  t h e  Commissioner c l e a r l y  had no choice.  The apple  crop was i n  danger 
and a t  t h a t  p o i n t  i n  our  understanding of  t h e  p ine  vole ,  poisoning o f f e r e d  
t h e  on ly  c o n s i s t e n t l y  r e l i a b l e  means o f  con t ro l .  But t h e r e  may be o t h e r  
ways o f  l i m i t i n g  p ine  vo le  popula t ions ,  I  hereby p resen t  my f ind ings  on 
reproduct ive  p a t t e r n s  i n  t h e  p ine  vo le  i n  t h e  hope t h a t  thorough 
understanding o f  t h e  l i f e  cyc le  of  t h i s  animal may suggest  o t h e r  s a f e r  
means f o r  r e s t r i c t i n g  i t s  growth. 
Problems faced by t h e  apple  growers notwi ths tanding,  t h e  p ine  vo le  
has  a  low reproduct ive  p o t e n t i a l  compared with o t h e r  vo le s .  Age o f  
ma tu r i ty  i s  l a t e .  Es t rus  i s  sporadic  and occurs  in f r equen t ly  i n  t h e  
absence o f  mature males. Gesta t ion is  long e f f e c t i v e l y  inc reas ing  t h e  
l eng th  o f  t ime between success ive  l i t t e r s  and thereby l i m i t i n g  t h e  number 
of l i t t e r s  dur ing a  reproduct ive  season. L i t t e r  s i z e s  a r e  small .  Only 
dominant females reproduce which l i m i t s  numbers o f  fecund females. 
Crowding has  a  d e l e t e r i o u s  e f f e c t  upon reproduct ion.  L i f e  span i s  s h o r t  
and popula t ion numbers a r e  s e l f  r e s t r i c t i n g .  
REPRODUCTIVE PATTERNS: Age o f  Reproductive Maturity.  Both male and 
female p i n e  vo le s  matured a t  a  l a t e r  age than  o t h e r  voles .  The e a r l i e s t  
age f o r  males was 7  weeks 3 days (51 days) and f o r  females 11 weeks (77 
days) .  
To t e s t  age o f  pube r ty ,  twelve young males were pa i r ed  with females 
o f  known matur i ty .  The age a t  which they were ab le  t o  s i r e  a l i t t e r  was 
noted. A l l  males were success fu l  i n  s i r i n g  l i t t e r s  between t h e  ages of  
51 and 77 days (Figure 1 ) .  As a  f u r t h e r  check of  sexual ma tu r i ty ,  
h i s t o l o g i c a l  s e c t i o n s  o f  t e s t e s  from developing males were examined 
microscopical ly .  They showed t h a t  production o f  mature sperm d id  not 
begin u n t i l  the  age of 6-7 weeks. By 8 weeks a l l  t e s t e s  examined showed 
mature sperm.Table 1 compares age of maturity of pine vole males with 2 
o ther  common vole species. 
FemaIe puberty was determined i n  
a s imi la r  fashion. Twenty three ex- 
perimental females were placed with 
. f e r t i l e  males f o r  a period of 24 
weeks. The age a t  which each was 
able  t o  conceive and carry a l i t t e r  
t o  term was noted. Twenty one of the  iG6 
23 were successful i n  conceiving a 
and 24 weeks (Figure 1 ) .  By 15 weeks 
l i t t e r  between t h e  ages of  11 weeks '" 
A 0 1  IN WISES 
more than ha l f  (13 of 21) had matured. 
An examination of  h i s to log ica l  sec t -  Figure 1. Age a t  which males ions from ovaries  of 8-10 week o ld  
successfully sired a litter and 
animals revealed they were submature. females conceived and carried a Some contained t e r t i a r y  ovarian 
f o l l i c l e s  but none had preovulatory litter term' 
f o l l i c l e s  o r  corpora lutea.  On the  
other  hand, 89% of  12 week old females 
had ovaries  with preovulatory f o l l i c l e s  and corpora l u t e a  indicat ing 
Table 1. Age a t  which males of  th ree  species of vo le  s i r e d  
a f i r s t  l i t t e r  
+ Laboratory Populations 
they had mated and ovulated o r  were i n  readiness t o  ovulate. Table 2. 
compares age of  maturity of  pine vole females with other  species of voles. 
Estrus .  Female pine voles did not showestrous cycles comparable t o  
those of laboratory r a t s  and mice. Vaginal smears indicated t h a t  a l l  
s tages of  e s t r u s  (proestrus ,  es t rus ,  metestrus and d ies t rus )  occurred i n  
voles but per iods were sporadic and often did not occur i n  the  absence of 
mature males. 
Estrus  was s tudied f o r  28 consecutive days i n  10 mature females 
housed adjacent t o  mature males i n  the  same cage but separated by a wire 
b a r r i e r  t o  prevent mating. No pa t te rns  of  c y c l i c i t y  occurred. Periods 
of es t rus  varied from 1 day t o  22 days and were separated by periods of 
d ies t rus  l a s t i n g  f o r  a minimum of  1 day and a maximum of 9 days. 
Males had a profound e f f e c t  upon e s t r u s .  In my experiment 29 
diestrus females housed in isolation were placed with mature males. 
Table 2. Age at which females of five species of vole conceived a 
first litter 
+ Laboratory Populations 
Animal 
M. ochrogaster 
- 
M. pennsylvanicus 
- 
M. agrestis 
- 
Clethrionomys glareolus 
M. pinetorum 
- 
Twenty four of the 29 reacted by entering estrus by the 5th day (Table 3). 
Vaginal snears showed the presence of sperm in all estrous animals 
indicating all females had mated. 
Table 3. Number of females in diestrus (N=29) on day zero which 
showed estrous smears within five days 
Age of Maturity in Days 
40 
40+ 
25-28 
21+ 
32+ 
77+ 
Investigator 
Fitch (1957) 
Richmond & Stehn (1976) 
Hamilton (1941) 
Chitty (1966) 
Peters & Clarke (1974) 
Schadler (1977) 
Mating. Pine vole females were promiscuous and mated during estrus 
with any available male. The above evidence indicated that the presence 
of mature males induced females to go into estrus and mate. For this 
reason a large number of litters can be sired by a single male. 
Number Females 
Ovulation. Ovulation was also male induced. In my colony no 
ovulation occurred without mating. Histological examination of ovaries 
and Fallopian tubes revealed that ovulation was completed and the ovum 
in the duct within 24 hours after coitus. This finding concurs with 
that reported by Kirkpatrick and Valentine. 
Day Number 
1 2 3 4 5 
0 0 14 8 2 
Gestation. Gestation was 24 days which is long compared with other 
voles. In my laboratory only one litter out of several hundred was re- 
corded as having been delivered in less than 24 days. These animals were 
born in 23 days. However, all infants died immediately suggesting they 
may have been born prematurely. Kirkpatrick and Valentine also noted 
a 24 day gestat ion.  Table 4 compares gestat ion i n  pine voles with t h a t  
i n  other  voles. 
In te rva l s  Between L i t t e r s .  The majority of healthy pine vole 
females s e v e r y  24-25 days (Figure 2 ) .  Females show- 
ed immediate post partum es t rus  and a l l  but a few conceived within 4 days. 
Those not conceiving immediately usual ly did not become pregnant f o r  
many days o r  weeks. 
L i t t e r  Size. L i t t e r s  were small. The average number of animals 
-- 
born i n  150 l i t t e r s  and the  number t h a t  survived t o  weaning a re  presented 
i n  Table 5. In the  laboratory, females averaged 3.11 young born per lit- 
t e r .  However, not a l l  survived and the  number reduced t o  2.75 a t  weaning. 
Table 4.* Length of  gestat ion and l i t t e r  s i z e  i n  the genus Microtus 
a s  determined i n  the laboratory 
* A l l  data  except Schadler (1977) excerpted from a review a r t i c l e  by 
Hasler (1975). 
Female pine voles have only 4 mammae 
which precluded large l i t t e r s .  
Species 
a r v a l i s  
a g r e s t i s  
ca l i fo rn icus  
longicaudis 
montanus 
I t  
ochrogaster 
1 1  
oeconomus 
oregoni 
pennsylvanicus 
I 1  
pinetorum 
11 
As might be expected, the  
survival  of l i t t e r s  i n  the wild i s  
l e s s  than t h a t  i n  the  laboratory, 
Field researchers  reported 2.0-2.2 
young per  female. For comparison of 
l i t t e r  s i z e s  i n  the  pine voles with 
t h a t  of o ther  voles see Table 4. 
Gestation 
(days) 
19-21 
19.7 
N.D. 
N.D. 
N.D. 
21 
21-23 
N . D .  
20-21 
N.D.  
21 
N.D. 
24-25 
24 
SOCIAL FACTORS AND REPRODUCTION: 
Ef fec t s  of  Crowding. Pine vole 
-- 
reproductive po ten t ia l  was s i g n i f i -  
can t ly  reduced when animals were 
crowded. Placement of more than 10 
newly weaned voles i n  an enclosure 
References 
Reichstein, 1964 
Bread, 1969 
Colvin and Colvin, 1970 
Colvin and Colvin, 1970 
Colvin and Colvin, 1970 
P in te r  and Negus, 1965 
Richmond and Conaway, 1969 
Colvin and Colvin, 1970 
Asdel l ,1964 
Colvin and Colvin, 1970 
Lee e t  a l . ,  1970 
Colvin and Colvin, 1970 
Kirkpatrick and Valentine, 
1970 
Schadler, 1977 
L i t t e r  
(range) 
N.D. 
2-8 
1-9 
N . D .  
3-9 
N . D .  
1-8 
1-7 
N . D .  
1-6 
N.D.  
2-8 
N . D .  
1-6 
.. .. 
lnbrrols in days between lilterr 
Size 
(mean) 
N . D .  
4.7 
4.7 
4.0 
6.0 
4 .7  
3.8 
3.9 
N.D. 
3.8 
N . D .  
5.5 
1.8 
2.8 
Figure 2. Intervals  i n  days 
between 132 l i t t e r s  born t o  
permanently paired breeding stock. 
( i n  t h i s  case 20 gallon aquaria) resu l ted  i n  lack of of  sexual maturation 
and no reproduction. Microscopic examination of  h i s to log ica l  sect ions of 
gonads from 12 week old crowded animals (normal ovaries  and t e s t e s  a re  
typ ica l ly  mature a t  t h a t  time) showed incomplete gametogenesis and 
abnormal appearing gonads. 
Table 5. L i t t e r  s i z e  a t  b i r t h  and a t  weaning 
Number i n  l i t t e r  1 2 3 4 5 6 
Number of  l i t t e r s  8 33 62 33 10 4 
Total number of 
animals i n  each 8 66 186 132 50 24 
l i t t e r  s i z e  category* 
Number surviving 
t o  weaning+ 8 62 158 110 3 1 2 0 
"Mean 3.11 + 0.09 
+Mean 2.75 2 0.09 
Effect of  Dominant Female on Re roduction. Only dominant females 
r e p r o s  T n  c ~ m ~ a t i b ~ ~ s  ofpanimals with several females 
- - 
reproduction was l imited t o  the  dominant animals. 
This was demonstrated i n  one of my experiments which ca l led  f o r  
f r e e l y  growing colonies. A f r e e l y  growing colony is  originated by a 
s ing le  reproductive pa i r .  Any young t h a t  a r e  produced a r e  not removed 
a t  weaning but a r e  allowed t o  remain i n  the parent pen. The colonies 
were maintained f o r  11 months u n t i l  they ceased growing a t  which time a l l  
females were 14 weeks of  age o r  older. Only the  dominant females 
reproduced. These females were the founding mothers and i n  one cage one 
member of  the  f i r s t  l i t t e r  born t o  the  colony. None of  the  other  females 
was f e r t i l e .  
DISCUSSION AND CONCLUSION: Conclusions drawn from laboratory 
s tudies  about reproduction i n  the  wild may be r i sky .  However, it i s  
probably sa fe  t o  assume t h a t  l a t e  age of maturation, induced es t rus  and 
ovulation, 24 day gestat ion and 24-27 day in te rva l s  between l i t t e r s  a re  
comparable. We know l i t t e r  s i z e s  do not d i f f e r  much. Three d i f fe ren t  
researchers  reported l i t t e r s  of 2-2.2 animals per female i n  the wild 
compared with 2.75 young raised i n  the sa fe ty  of our laboratory. 
Evaluation of e f f e c t s  of pine vole soc ia l  organization upon 
f e r t i l i t y  i s  probably a b i t  r i s k i e r .  However, l e t  us assume t h a t  i n  
wild populations crowding does repress  f e r t i l i t y .  Let us a l so  suppose 
t h a t  reproduction i s  r e s t r i c t e d  t o  the dominant female i n  any soc ia l  
group. Both conditions have been widely reported f o r  o ther  small rodents 
and they probably occur i n  the wild i n  pine voles a l s o .  
Field researchers t e l l  us t h a t  pine voles l i v e  i n  soc ia l  groups o r  
colonies t h a t  may number as  many as  16 animals. I f  soc ia l  fac tors  do 
indeed a f f e c t  reproduction, an orchard population may possess only a 
l imited number of  fecund females. Because a s ing le  male can mate with 
any number of  females, population s i z e  depends upon the number of f e r t i l e  
females. 
Clearly we a r e  not t a lk ing  about a large number of  reproducing 
animals i n  a highly f e r t i l e  species .  Pine voles do not evidence 
dramatic population explosions and decl ines as  do many other  voles. 
In  addi t ion they a re  shor t  l ived.  Hayne calculated survival  r a t e  f o r  
3 months (when la rge  numbers o f  females should be coming i n t o  sexual 
maturity) t o  be 29%. By 5 months the  r a t e  decreased t o  13% and only 1% 
l ived  1 year. The l i f e  cycle of  an animal with a low reproductive 
po ten t ia l  and a shor t  l i f e  span has vulnerable points .  Perhaps the next 
s tage i n  the control  e f f o r t  on the  pine vole should concentrate on those 
vulnerable points .  
PROGRESS IN DEVELOPING A MICROTUS EFFICACY 
TEST METHOD FOR REGISTRATION PURPOSES 
Steve D. Palmateer 
Biologist 
Chemical and Biological Investigations Branch 
Technical Services Division 
Office of Pesticide Programs 
Environmental Protection Agency 
Beltsville, Maryland 20705 
The purpose of this presentation is to document the progress that 
is being made in the development of a Microtus rodenticide efficacy 
test method. When finished the method will satisfy EPA requirements 
for a laboratory alternate diet bioassay. We have been working on the 
method for 2 to 3 years. 
One of the biggest problems has been in attempting to combine both 
meadow and pine voles in a single method. Also the method should be 
applicable for Microtus toxicants designed to be applied at many use 
sites in the entire 50 states. 
In California and Western States Microtus depradation can be 
severe in alfalfa, barley and other grain fields, truck crops such as 
brussel sprouts and potatoes. On the east coast vole damage is severe 
but not limited to orchards. The EPA apple orchards in Beltsville 
are heavily girdled by voles and several trees decline and die each 
year. To make matters worse Microtus are carriers of many diseases, 
the most important being tularemia. 
Therefore designing a laboratory test method that will reveal 
the efficacy of a vole toxicant in all these use sites has been very 
difficult. I would like to briefly describe the method as it is at 
this time. In short the state of the art. 
The apparatus used to test the voles are screened bottom all-metal 
cages. It has been our experience that many vole species cannot be 
grouped together and therefore all of them are individually caged. 
In one group tank test with 20 meadow voles (Microtus pennsylvanicus) 
with no toxicant present and commercial rodent feed offered ad lib. 
7 individuals died. We attribute the deaths to fighting and cannibalism. 
Laboratory temperature should be about 20 to 25' C and there should 
be 12 hours of artificial light per day. Water is available to the 
voles at all times. 
The rodenticide-treated bait and the standard field rodent diet 
are offered to test voles in separate containers on opposite sides of 
the cage. There is more than enough food in each cup to supply the 
daily food requirements. 
The standard field rodent challenge diet is composed of 50 percent 
(by weight) rolled oat groats, and 50 percent commercial rodent labora- 
tory chow. The commercial rodent food was not palatable enough by its 
self to realistically create a challenge with the poison bait. The 
field rodent diet is not as palatable as the diet used to challenge 
commensal rodents. 
An untreated control (check) group of 20 animals is required and 
is offered only the field rodent diet. If more than 10% of control . 
voles die the encire test is voided. Food consumption is not recorded 
for the control animals. 
The test vole consumption of both poison bait and challenge diet 
is determined daily and returned to starting weight by addition of the 
given food. Every day the quantity of food consumed by each vole is 
recorded. Recordings should be made at the same time each day. 
Weighing accuracy shall be to at least the nearest half-gram. The 
Animal Biology Laboratory weighs all rodenticide products to the 
nearest tenth of a gram. Spilled rodenticide and challenge diet are 
recovered and weighed to establish exact food consumption data. When 
the food spillage has gotten wet it must be dried to original moisture 
content before weighing. 
The position of the vole toxicant and the standard field rodent 
diet containers must be reversed every day to reduce any feeding 
position bias of the animals. There must be a free choice between 
the rodenticide and the challenge diet. The voles must not be 
stressed unduly from noise or human disturbance. The Animal Biology 
Laboratory maintains all test rodents in a room separate from its 
main laboratory to reduce stress to the test subjects. 
The length of the test period is 3 days for acute (single-dose) 
rodenticides and 15 days for anticoagulants. Dead voles are removed 
daily. All rodenticides are removed at the end of the test period 
leaving only the standard field rodent bait. No further weighing 
of food consumption is required. 
Observation is maintained on surviving voles for 5 days following 
the test period. Any deaths encountered during this time period is 
attributed to the rodenticide. Some toxicants may require up to a 
10 day post observation period. Sound rational for this extended 
post-test observation period would have to be presented. It is 
possible some of the potent anticoagulants tested for 3 days could 
justify a 10 day post-test period. 
A vole toxicant (either single or multidose) would be considered 
satisfactory if a minimum of 90 percent mortality of test animals is 
obtained. Vole baits with exceptional safety characteristics to 
humans and other nontarget animals with a high degree of usefulness 
in special control situations may have a parameter of efficacy reduced 
to 80 percent. 
Some of the problems encountered by the Animal Biology Laboratory 
in using this method are: 1. Mortality in control animals, 2. lack 
of a suitable nest container in each cage, 3. food dish may inhibit 
easy access to rodenticide and challenge diet, and 4. lack of a large 
uninterrupted supply of voles. 
The Animal Biology Laboratory has or will in the near future 
test the following listed active ingredients in various concentrations 
on pine and meadow voles: 
Strychnine Alkaloid 
Warfarin 
Sodium Fluoroacetate 
brodif acoum 
Zinc Phosphide 
diphacinone 
chlorophacinone 
DLP-787 
The use of generic or brand names does not imply endorsement by 
the Federal government. Finally, I would like to acknowledge the 
cooperation of Dr. Ross Byers in the development of this test method. 
AN ECOLOGICAL FRAMEWORK FOR VOLE MANAGEMENT 
Jay McAninch 
Wildlife Biologist 
The Cary Arboretum of The 
New York Botanical Garden 
Millbrook, New York 12545 
A great deal of past pine vole (~icrotus pinetorum) and meadow vole 
(~icrotus pennsylvanicus) research has focused upon toxicants as a means 
of population control. The advent of more and more environmental re- 
strictions on chemical uses and toxicant resistance in target populations 
has created endless research in this area of vole control techniques. 
The application of wildlife management principles through biological and 
cultural techniques could serve as a sound foundation upon which to 
build a vole control program. 
Many growers and research personnel have noticed lower damage 
levels when even a few vegetative or environmental components of the 
orchard habitat have been altered. Horsfall, in several papers, ad- 
vocated the cultivation of various forbs as primary food sources for 
voles  orsf sf all, 1972a; Horsfall, 1972b; Horsfall et. al, 1974). This 
cultural technique provided an alternative food source for potentially 
damaging voles that consume apple bark and roots. Perhaps the greatest 
gain inmaintaining forbs was the ingestion of ground sprayed toxicants 
by higher numbers of damaging voles. While forbs may deter voles from 
feeding on trees, they also maintain a favorable habitat for continuous 
vole populations and hence create an ever-present damage potentiall 
The work of Byers and Young (1974) with the Smitty tree hoe has 
been an advancement in the concept of destruction of vole habitat. The 
tree hoe has been successful in lowering vole population levels by the 
disruption of burrowing systems vital to the animal's existence. 
At this symposium last year several speakers felt cultural manage- 
ment, encouragement of predators, and various other natural strategies 
held promiseasmore long-term control solutions. Young felt great 
possibilities for good control resulted from herbicide bands along tree 
rows. Alternatively Conley and Killian felt the elimination of current 
weed control practices would lower damage levels. Techniques to change 
the plant species composition on the orchard floor to reduce available 
digestible energy supplies in summer and autumn and increase supplies 
during winter were suggested by Kirkpatrick and Noffsinger. Anthony 
found soil texture regulated the distribution of pine voles in Penn- 
sylvania orchards. Even with the efforts of these studies there still 
remains a multitude of environmental factors that have not been examined. 
An ecological yet practical approach to the management of any 
wildlife species is to assay its population size or density per unit 
area then attempt to quantify the multitude of factors vital to the 
existence of the species in question. If management means control, as 
in the case of damaging voles, then techniques to create undesirable 
or marginal habitats would be essential. Once known, the variety of 
factors most correlated with higher vole densities should be disrupted 
or altered while those factors correlated with low vole densities should 
be the primary elements in the development of cultural techniques. 
A Case Study 
The appl icat ion of t h e  concepts described above was undertaken a t  
t h e  Cary Arboretum during t h e  s m e r  of 1977. Seven 3-4 ha. open f i e l d  
hab i ta t s  were chosen a s  simple systems t o  t e s t  t h e  responses of voles t o  
various c u l t u r a l  management pract ices .  A l l  but one f i e l d  had been fre-  
quently mowed i n  past  years and supported vegetation such a s  bluegrasses 
(Poa spp. 1, bromegrasses (~romus  x. ) , timothy (~h leum p a t e n s e ) ,  clove: 
( ~ r i f o l i u m  -. ) , and p l a n m ~ l a n t a ~ o  B. ) . 
Field 430 was chosen a s  a more na tura l  small mammal hab i ta t  having 
been l a s t  dis turbed i n  l u t e  1975. Vegetation i n  t h i s  f i e l d  consis ted of 
some brome grasses ,  plantain,  goldenrod (Solida o a.), sheep s o r r e l  (eace tose l la )  , cinquefoi l  ( P o t e n t i l i d  and bedstraw (Dalium 
mallug o) . 
Field 177 was mowed with a s icklebar  mower i n  l a t e  autumn, 1976. 
Grass height was 50-60 cm and t h e  s i t e  was l e f t  unaltered during 1977. 
Field 544 was t r e a t e d  i d e n t i c a l  t o  177 but was mowed with a ro ta ry  brush- 
hog mower. Field 312 was s icklebar  mowed i n  May, 1977 when grass  height 
was 25-30 cm. F ie ld  223 %as a l so  mowed i n  May but with t h e  ro ta ry  mower. 
Field 225 was mowed with t h e  ro ta ry  mower i n  ea r ly  June and again i n  mTd- 
Ju ly  when grass  height a t  each mowing was 30-40 cm. Field 870 was mowed 
and baled i n t o  hay i n  ea r ly  June and again i n  mid-July. The mowing tech- 
niques were designed t o  provide var ia t ions  i n  ground l i t t e r ,  and vegeta- 
t i o n  densi ty.  
I n  August a .81 ha. g r id  was establ ished within each f i e l d  and 
live-trapped f o r  seven days. The following seven days, l i v e  and snap 
t r a p s  were used t o  remove animals from e igh t ,  110 m assessment l i n e s  t h a t  
emanated from t h e  or ig ina l  g r i d  center .  Density estimates were developed 
using t h e  Lincoln index, t h e  regression techuiques of Smith e t  $1. 
(1971), and a modification of a Lincoln index regression using integra.- 
t i o n  procedures (Swift and Steinhorst ,  1976). 
Quantitative measures of vegetation densi ty and ground l i t t e r  depth 
were taken a t  68 s t a t i o n s  within t h e  . 8 l  ha. g r id  and averaged f o r  t h e  
e n t i r e  gr id.  Ground l i t t e r  depth was found using a centimeter r u l e r  and 
vegetation densi ty a t  0-25 cm, 0-1 m,  and 1-2 m s t r a t a  was measured with 
densi ty boards (MacArthur and MacArthur, 1961; Birch, 1977). Plant 
species data  was not analyzed since a previous study found vegetation 
taxa  was not s t rongly correlated with vole dens i t i es  (Mc~ninch and 
Harder, 1977 ) . 
Our r e s u l t s  establ ished ground l i t t e r  depth as  a key fac tor  i n  
meadow vole dens i t i es .  (Table 1 ) .  A regression re la t ionsh ip  over t h e  
seven s i t e s  found ground l i t t e r  accounting f o r  .92 of t h e  var ia t ion  i n  
vole  dens i t i es .  (Fig. 1 ) .  Vegetation densi ty a t  t h e  th ree  s t r a t a  mea- 
sured did not account f o r  appreciable portions of t h e  var ia t ion  i n  vole 
dens i t i es .  O u r  conclusions f o r  management p rac t ices  t o  control  voles i n  
t h i s  simple system were t o  use mowing techniques t h a t  l e f t  l i t t l e  o r  no 
ground l i t t e r .  Although haying was used i n  t h i s  study, f i e l d s  with 
numerous seedlings would make t h i s  technique impract ical .  We have con- 
s idered using f l a i l  choppers which f i n e l y  chop cut t ings and a bumper 
mower which i s  comparable t o  our ro ta ry  mower but able  t o  c lea r  vegeta- 
t i o n  t o  t h e  base of t h e  seedling. I n  addition our program f o r  next Sum- 
mer w i l l  determine t h e  frequency and type of mowing needed t o  keep 
ground l i t t e r  low without becoming i n e f f i c i e n t  from t h e  standpoint of 
Table 1. Data summary of vole dens i t i es  and vegetation parameters col- 
l ec ted  during August, 1977. 
Ground 
Vole L i t t e r  Vegetation Density (percent ) 
Field Density (ha)  Depth (cm) 0-25 cm 0-1 m 1-2 m 
177 112 4.34 .65 .65 o 
man-hours involved. 
Conclusions 
Several conclusions from t h i s  study reinforce t h e  bas i s  f o r  an 
ecological framework f o r  vole management. The f i r s t  i s  t h e  underestima- 
t i o n  of t h e  e f f e c t s  of predation on vole populations. Field 430, t h e  
na tura l ,  l e s s  disrupted s i t e ,  produced th ree  short- ta i led weasels 
( ~ u s t e l a  erminea) during our live-trapping period, Fi tzgerald (1977) 
found short- ta i led weasel d i e t s  were 98.1 percent voles .  &en when vole 
dens i t i es  were low, weasels continued t o  se lec t  voles i n  s p i t e  of in- 
creasing scarc i ty .  Several of our study areas  were bordered by stone 
rows and dead f a l l e n  timber t h a t  probably served a s  denning s i t e 6  of 
Vole 
Density 
(ha) 
Average L i t t e r  Depth (cm) 
Fig. 1. Regression r e l a t i o n  of vole density and average l i t t e r  depth. 
weasels. Vole consumption by resident weasels could be considerable as 
demonstrated by a captive female at our lab who consumed 1.2 voles per 
day during the summer months. 
Reducing ground litter likely allows heavier predation pressure 
not only by weasels but also foxes, snakes, vagrant house cats, and 
avian predators such as kestrels and red-tailed hawks. Providing ade- 
quate denning, nesting, and perching sites likely would encourage preda- 
tors to take up residence and become a natural component of a vole con- 
trol program. 
The second noticeable product of our cultural practices was the 
change in site factors. In fields where vole densities were low, soil 
compaction was greater probably due to less soil moisture, less ground 
cover, and the impact of mowing equipment. Minimal ground cover likely 
exposed voles to more extreme summer heat and winter cold. Reduction 
of ground litter also returned less humus to the soil which in combina- 
tion with dryness and compaction would make burrowing more difficult. 
In essence, cultural practices can make life fairly difficult for meadow 
voles. 
Due to the complexities of the orchard environment, the extrapola- 
tion of our results would mean many more factors have to be quantified 
and correlated to vole densities. These might include vegetation densi- 
ty, ground litter depth, soil moisture, soil density, soil texture, fer- 
tilizer rates, light intensity beneath the tree canopy, vegetation taxa, 
and many other parameters. Those factors highly correlated with low 
vole densities should become useful management tools while techniques 
to disrupt or alter factors correlated with high vole densities should 
be promoted. Development of the techniques to discourage voles would be 
tempered by the need for maximizing fruit production and limited by un- 
changeable factors tied to the physiography of the block. The degree 
to which additional controls such as toxicants are necessary would be 
dependent upon the relationship between vole densities and damage lev- 
els. Estimation techniques such as those described in this study or 
documented by Overton (1969), Fberhart (1969), and Jolly (1965), would 
provide reliable estimates of vole densities. Using these estimates as 
validation, research programs need to develop simple, rapid, and accu- 
rate techniques for evaluating vole densities each autumn. Once known, 
the success of control strategies could be established. When popula- 
tions have reached the lowest levels possible under a conscientious cul- 
tural management system, the economic and ecological ramifications of 
toxicants as controls could be better evaluated and justified. 
In New York's lower Hudson Valley region, growers were granted 
the use of Endrin in 1977 after a six year ban. Adverse publicity has 
been rampant in regional newspapers and among civic organizations. Few 
people understand that inadequate research monies and consequently re- 
search programs have not provided growers with sound, long-term control 
strategies. An increase in federal and state funds in conjunction with 
research programs oriented within an ecological framework for vole 
management should be the ultimate goal. 
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COMPARISON OF PINE VOLE POPULATIONS I N  A MAINTAINED AND 
AN ABANDONED ORCHARD 
S. K.  Kuki la ,  A. R. Tip ton  and R. L.  K i rkpa t r i ck  
Department of F i s h e r i e s  and W i l d l i f e  Sciences  
V.P.I. & S.U., Blacksburg,  Va. 24061 
Before more e f f e c t i v e  and r e l i a b l e  c o n t r o l  methods f o r  p i n e  
v o l e  popula t ionscan be developed,  i t  is  e s s e n t i a l  t o  i n c r e a s e  our 
knowledge of t h e  p i n e  v o l e ' s  b a s i c  b io logy and ecology. Former 
r e s e a r c h  conducted by Es tep  e t  a 1  (1978) and Noffs inger  (1976) 
ha s  demonstrated d i s t i n c t  d i f f e r e n c e s  i n  food h a b i t s ,  p h y s i o l o g i c a l  
cond i t i on  and r ep roduc t ive  a c t i v i t y  of p ine  v o l e s  i n  a c t i v e  and 
abandoned orchards .  A summary of t h e i r  f i n d i n g s  i s  p re sen t ed  i n  
K i r k p a t r i c k  and Noffs inger  (1977). Resu l t s  from these  s t u d i e s  
ha s  promoted an  i n t e r e s t  t o  more completely d e f i n e  popu la t i on  
c h a r a c t e r i s t i c s  of p i n e  v o l e s  i n  t h e s e  two orchard  types .  I n  
t h i s  manner, i t  w i l l  be p o s s i b l e  t o  enhance ou r  knowledge of t h i s  
s p e c i e s '  response  and a d a p t a b i l i t y  t o  h a b i t a t s  of d i f f e r e n t  
v e g e t a t i v e  composit ion,  s t r u c t u r e  and type .  U t i l i z i n g  capture-  
r e c a p t u r e  techniques ,  we have under taken a s t udy  t o  examine pop- 
u l a t i o n  s t r u c t u r e ,  d e n s i t y ,  and movement of p i n e  v o l e s  i n  a main- 
t a i n e d  and an  abandoned orchard .  The two o rcha rds  a r e  t h e  same 
ones where Noffs inger  (1976) p r ev ious ly  c o l l e c t e d  v o l e s  i n  Sep- 
tember 1974 through J u l y  1975. The mainta ined  orchard  has  had no 
form of v o l e  c o n t r o l  beyond mowing f o r  f i v e  yea r s .  The o t h e r  
orchard  has  been completely abandoned f o r  s i x  yea r s .  Both o rcha rds  
a r e  t h e  same age  and have s i m i l a r  topography and s o i l  types .  
Trapping was i n i t i a t e d  i n  September 1977 and w i l l  con t inue  
u n t i l  J u l y  1978 a t  seven week i n t e r v a l s .  Three t r app ing  s e s s i o n s  
have been completed: one i n  l a t e  summer (September),  one i n  mid- 
autumn (October) ,  and one i n  e a r l y  w i n t e r  (December). An a r e a  of 
approximate ly  0 . 3  h e c t a r e s  is  be ing  t rapped i n  each  orchard ,  com- 
p r i s i n g  s i x  t r e e  rows wi th  n i n e  t o  t e n  t r e e s  p e r  row. I n  both  
o rcha rds ,  t r e e s  a r e  spaced on t h e  average  8.5 m a p a r t  w i t h i n  and 
between rows. The t r a p p i n g  g r i d  c o n s i s t s  of 164  s t a t i o n s  and 221 
t r a p s .  Two t r a p s  a r e  p l aced  a t  eve ry  t r e e ,  and one midway between 
each  t r e e  i n  t h e  row. Ten t r a p s  a r e  a l s o  p l aced  i n  each  aisle a t  
8.5 m d i s t a n c e s .  Traps a r e  p r e b a i t e d ,  t h e n  set and checked morning 
and evening  f o r  f i v e  days .  A l l  c ap tu r ed  v o l e s  a r e  sexed ,  aged by 
pe l age ,  weighed,  and a s s e s s e d  f o r  r ep roduc t i ve  cond i t i on .  New in -  
d i v i d u a l s  a r e  t o e - c l i pped  w i t h  a  unique i d e n t i f i c a t i o n  number. 
Vege t a t i on  d a t a  were c o l l e c t e d  i n  t h e  f a l l  a f t e r  t h e  l e a v e s  
had dropped.  A 1 X 1 m quad ra t  frame was p l aced  on t h e  ground 
under  eve ry  t r e e  and midway between a l l  t r e e s  w i t h i n  rows i n  t h e  
s t u d y  g r i d .  P l o t s  were a l s o  t aken  i n  t h e  a i s l e s  a t  randomly 
s e l e c t e d  l o c a t i o n s  a long  a  m e t r i c  t ape .  Wi th in  t h e  frame, p e r c e n t  
cover  t o  a h e i g h t  of one  meter  was e s t i m a t e d  by s p e c i e s .  P e r c e n t  
uncovered ground,  i n c l u d i n g  b a r e  ground and l i t te r ,  was a l s o  es -  
t ima t ed .  Over lap  of cover  by d i f f e r e n t  s p e c i e s  was n o t  sub- 
t r a c t e d .  Values  p r e sen t ed  i n  Table  1 a r e  mean t o t a l  pe r cen t  cover  
of  major  v e g e t a t i o n  t y p e s  f o r  t h e  e n t i r e  s t udy  g r i d .  Woody cover  
i n c l u d e s  cover  by s tems and by Japanese  honeysuckle (Lonicera  
japonica)which  h a s  p e r s i s t e n t  l e a v e s .  
Table  1. Mean t o t a l  p e r c e n t  cover  by v e g e t a t i o n  t ype  i n  t h e  main- 
t a i n e d  and abandoned o r cha rds .  
Vege t a t i on  t ype  Mainta ined  o r cha rd  Abandoned o r cha rd  
Gra s s  52 9 
Forb 20 3 
Woody 5  25 
Uncovered ground 3 8 6 3 
Because t h i s  s t udy  i s  s t i l l  i n  p r o g r e s s ,  t h e  d a t a  ha s  n o t  been 
comple te ly  ana lyzed .  Some p re l im ina ry  r e s u l t s  from t h e  t r a p p i n g  
fo l l ow .  Most c a p t u r e s  have occu r r ed  a t  t r e e s .  Very few (0-4) 
v o l e s  have been cap tu r ed  i n  t h e  a i s l e s  du r ing  each t r a p p i n g  s e s s i o n  
i n  bo th  o r cha rds .  Captures  i n  t r a p s  l o c a t e d  midway between t r e e s  
and a t  t r e e s  n o t i c e a b l y  i n c r e a s e d  i n  December i n  bo th  o r cha rds  i n -  
d i c a t i n g  g r e a t e r  a c t i v i t y  a t  t h i s  t ime.  T o t a l  number of c a p t u r e s  
and r e c a p t u r e s  s t e a d i l y  i n c r e a s e d  from September t o  December and 
were g r e a t e r  i n  t h e  abandoned orchard  i n  September and October,  and 
g r e a t e r  i n  t h e  mainta ined  orchard  i n  December (Table 2 ) .  
Table 2. T o t a l  c a p t u r e s ,  r e c a p t u r e s ,  t r a p  m o r t a l i t y ,  and number of 
d i f f e r e n t  i n d i v i d u a l s  du r ing  each  t r app ing  s e s s i o n  i n  t he  main- 
t a i n e d  (M.O.) and abandoned (A.O.) orchards .  
T o t a l  T o t a l  Number Trap 
Captures Recaptures I n d i v i d u a l s  M o r t a l i t y  
Month M.O. A.O. M.O. A.O. M.O.  A.O. M.O. A.O. 
Sept .  39 44 8  15 3 1  29 1 6  
Oct. 64 113 14  45 50 68  26 8  
De c  1 9 1  131  9  8  55 93 76 1 8  1 8  
I n  both  o rcha rds ,  most r e c a p t u r e s  g e n e r a l l y  occurred  a t  t h e  same 
t r e e s .  Movement was r e s t r i c t e d  t o  two t o  t h r e e  a d j a c e n t  t r e e s  with- 
i n  a  row, o r  l e s s  o f t e n ,  a c r o s s  t o  an ad j acen t  t r e e  row. Voles cap- 
t u r ed  i n  December t h a t  had been p rev ious ly  marked i n  September and 
October were u s u a l l y  taken a t  t h e  same t r e e ,  o r  i n  t h e  same a r e a  
of two t o  f o u r  a d j a c e n t  t r e e s  i n  a  row. This was t r u e  f o r  both  
o rcha rds  and f o r  a d u l t s  and immatures a l i k e .  These r e s u l t s  p o i n t  
t o  a  s i m i l a r i t y  i n  gene ra l  behavior  between p i n e  v o l e s  i n  t h e  two 
orchards .  
The number of d i f f e r e n t  i n d i v i d u a l s  captured  du r ing  each  t r ap -  
ping s e s s i o n  i s  a l s o  p re sen t ed  i n  Table 2. These v a l u e s  may be 
used a s  r e l a t i v e  i n d i c e s  of popu la t i on  s i z e  f o r  comparing t h e  two 
orchards .  Doubts about  t h e  randomness of our  samples p r even t s  u s  
from p re sen t ing  any s p e c i f i c  d e n s i t y  e s t i m a t e s  u n t i l  t h e  s t udy  is 
completed and t h e  d a t a  f u r t h e r  analyzed.  A l i v e  t r a p p i n g  s e s s i o n  
fo l lowed by a  t o t a l  t rap-out  is  planned f o r  t h i s  f a l l .  This  should 
provide  a  g e n e r a l  i n s i g h t  i n t o  t h e  amount of b i a s  p r e s e n t  i n  es-  
t ima t ing  popu la t i dn  s i z e  u s ing  models which assume e q u a l  p r o b a b i l i t y  
of cap tu re .  
For a l l  t h r e e  t r app ing  pe r iods  combined, a  t o t a l  of 158 and 
131  d i f f e r e n t  i n d i v i d u a l s  were handled i n  t h e  mainta ined  orchard  
and t h e  abandoned orchard ,  r e s p e c t i v e l y .  
Comparison of t h e s e  v a l u e s  and t h e  v a l u e s  f o r  each  pe r iod  does 
n o t  sugges t  s i g n i f i c a n t  d i f f e r e n c e s  i n  popu la t i on  s i z e s  between t h e  
two o r cha rds .  However, N o f f s i n g e r ' s  (1976) d a t a  r evea l ed  t h e  ex- 
i s t e n c e  of a  s i m i l a r  pregnancy r a t e  i n  both  o r cha rds  i n  J u l y  and 
September. Thus, i t  i s  n o t  unexpected t o  f i n d  a  s i m i l a r  number of 
v o l e s  i n  bo th  o r cha rds  a t  t h e  t ime of ou r  samples.  Noffs inger  
(1976) a l s o  found t h a t  t h e  number of  p r egnan t  females  i n  t h e  aban- 
doned o r cha rd  s h a r p l y  d e c l i n e d  i n  November. Our d a t a  tend  t o  con- 
f i r m  t h i s  s i n c e  i n  December, 28 p e r c e n t  of  t h e  cap tu r ed  v o l e s  i n  
t h e  ma in t a in ed  o r cha rd  were immatures ( j u v e n i l e s  and s u b a d u l t s )  
as opposed t o  on ly  16  p e r c e n t  i n  t h e  abandoned o r cha rd .  
The l a c k  of appa ren t  d i f f e r e n c e s  i n  popu l a t i on  s i z e s  may a l s o  
be  a t t r i b u t e d  t o  d i f f e r e n c e s  i n  t r a p p a b i l i t y .  Some evidence  t o  
s u p p o r t  t h i s  may be found i n  t h e  r e c a p t u r e  r a t e s  of  p r ev ious ly  
marked i n d i v i d u a l s .  Of 67 a d u l t s  i n  t h e  December sample of t h e  
ma in t a ined  o r cha rd ,  on ly  2 1  p e r c e n t  had been cap tu r ed  du r ing  pre-  
v i o u s  t r a p p i n g  s e s s i o n s .  I n  t h e  abandoned o r cha rd  i n  December, 
however, 55 p e r c e n t  of  64 a d u l t s  had been p r ev ious ly  marked. Many 
of t h e  new a d u l t s  i n  t h e  ma in t a ined  o r cha rd  i n  December were prob- 
a b l y  p r e s e n t  on t h e  g r i d  and of t r a p p a b l e  age  i n  October,  and some 
even  i n  September.  However, t h e  abundant food supply  i n  t h e  main- 
t a i n e d  o r cha rd  i n  September and October may have reduced t h e i r  
s u s c e p t i b i l i t y  t o  t r app ing .  This  s p e c u l a t i o n  w i l l  be examined 
l a t e r  t h i s  f a l l  d u r i n g  t h e  proposed t r ap -ou t .  
Desp i t e  t h e  e x i s t e n c e  of p o s s i b l e  b i a s e s  i n  t h e  d a t a ,  t h e s e  
r e s u l t s  i n d i c a t e  t h a t  t h e r e  is  l a r g e  popu l a t i on  of p ine  v o l e s  i n  
t h e  abandoned o r cha rd .  C l e a r l y ,  t h i s  s p e c i e s  can  p e r s i s t  i n  
o r cha rds  which have  l o s t  t h e i r  dense  herbaceous  ground cover .  How- 
e v e r ,  t h e  p i n e  v o l e  is  e s s e n t i a l l y  a  woodland s p e c i e s  adapted  t o  
a  dec iduous  f o r e s t  h a b i t a t .  I n  t h e  abandoned o r cha rd ,  i n c r e a s e d  
canopy c l o s u r e  and t h e  i nvas ion  of t h e  unde r s to ry  by s e v e r a l  woody 
s p e c i e s  p r e s e n t s  a  b a s i c  v e g e t a t i o n  s t r u c t u r e  s i m i l a r  t o  t h a t  of  
dec iduous  woods. Thus, i t  may n o t  be  unusual  t o  f i n d  r e l a t i v e l y  
h igh  numbers of v o l e s  i n  abandoned o r cha rds  which have r e v e r t e d  t o  
a  dominant unde r s to ry  cover  t ype  of woody s p e c i e s .  We f e e l  t h a t  
i t  i s  v e r y  impor t an t  t o  con t i nue  s t u d i e s  on t h e  p i n e  v o l e  i n  
o r c h a r d s  w i t h  d i f f e r e n t  unde r s to ry  v e g e t a t i o n  t ypes .  This  may 
reveal a certain cover type which is nonconducive to pine voles 
invasion or population maintenance. 
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STATUS OF PP581 (VOW() RODENTICIDE DEVELOPMENT 
Dale E. Kaukeinen, Technical Representative 
Biological Research Center, ICI Americas, Inc. 
P.O. Box 208, Goldsboro N.C. 27530 
INTRODUCTION: In the Proceedings of the first Eastern Pine and Meadow 
Vole Symposium (March 1977, Winchester VA), ICI was introduced and basic 
technical information on PP581 presented. PP581 is a second-generation 
anticoagulant rodenticide, with the approved common chemical name of 
brodifacoum. The compound is also known as TALON'* in the form of 50 ppm 
(0.005%) grain-base pelletized bait as developed for control of commensal 
rodents. The proposed trade name for the orchard formulation of PP581 is 
VOLAK'~. Brodifacoum has been seen to possess several novel characteristics 
in work with commensal and other rodent species, suggesting a considerable 
general potential for control of many pest species of rodents and in 
various use situations. These characteristics are: 
1. Single-feeding action for most species. (Defined as giving over 90% 
control in 1 dav no-choice or 3 dav choice tests with 50 DDm bait) . . 
2. Effective on anticoagulant resistant rodents. (As based on US and UK 
lab studies with warfarin-and cross-resistant rats and mice which were 
successfully killed by PP581) 
3. No bait avoidance.(Beyond that avoidance shown by rodents to any new 
object or foodstuff, bait avoidance is not a factor and bait is well 
accepted by most rodents. The lapse of several days till death reduces 
the chance of rodents associating bait ingestion with poisoning symptoms. 
4. Antidotable.(Vitamin K1 injections are antidotal, as is the case for 
existing anticoagulant products) 
5. Low hazard. (PP581 baits at 50 ppm should be as safe to most non-target 
animals and the environment as other anticoagulants in current use) 
Against commensal rodents, namely the Norway rat, roof rat, and house 
mouse, the 50 ppm TALON formulation has shown between 40-60% acceptance in 
the lab and generally over 80% control in field trials, giving near 100% 
control in several cases. Data to support a national TALON registration 
for commensal rodents has been submitted to EPA and it is expected that 
sales of TALON will commence in 1979. 
EFFICACY TO ORCHARD VOLES: The efficacy characteristics as listed above 
would suggest advantages in the control of Microtus in orchards. Notably, 
the single-feeding action and good bait acceptance, if demonstrated for 
voles, should allow for an application rate lower than for existing anti- 
coagulants with less potency. Byers has also reported suspected diphacin- 
one resistance in pine mice (J. Amer. Hort. Soc. 103:65, 1978), hence 
efficacy to resistant rodents would be an additional advantage. In an 
effort to verify these and other potential advantages, studies of PP581 
against Microtus have been conducted in the lab and field over the previous 
two years by Dr. Ross Byers and by ICI personnel. Based on data to date, 
which is summarized in the following sections, PP581 (VOLAK) has consider- 
able promise as a yingle-feeding vole rodenticide of excellent efficacy. 
ACUTE ORAL TOXICITY: Determinations of LD50 values for PP581 and other 
anticoagulants have been made (Byers, op clt) and are summarized below 
with equivalent amounts of 50 ppm bait to give an LDqn for a 25 vole: 
Brodif acoum (PP581) Chlorophacinone - Diphacinone 
SPECIES LD50 (mg/kg) Bait (g) LD50 (mglkg) Bait (g) LD50 (mg/kg) Bait (g) 
Pine 0.36 0.18 14.2 7.1 57.0 28.5 
Meadow 0.72 0.36 -Not Determined- 14.0 7.0 
- 
Based on the LD determinations, it can be seen that the high oral toxicity 
of brodifacoum 58 Microtus should offer the potential of a single-feeding 
action, given suitable bait acceptance. 
VOLAK BAIT EFFICACY STUDIES (LAB): Results (from Byers, op cit) from one 
and two day choice feeding tests with 50 ppm anticoagulant baits utilizing 
pine mice are summarized below: 
Test Regime Brodifacoum (PP581) Chlorophacinone Diphacinone 
1 day choice test 9/10 killed 4/10 killed 0110 killed 
2 day choice test 10/10 killed 6/10 killed 0110 killed 
It can be seen from the above that PP581 appeared to act as an "acute" or 
single-feeding toxicant, namely giving good control after short periods of 
exposure to voles. Refinements in the testing procedure led to the estab- 
lishment of a new protocol involving a 3 day choice test to assess efficacy 
of single-feeding baits with Microtus. This protocol, developed jointly 
by Ross Byers and Steve Palmateer (EPA) was presented at the ASTM Conference 
in Sacramento, Ca. in March 1977, and will be published in 1979 in a special 
publication of ASTM. Utilizing a draft of this protocol, with slight mod- 
ifications, a 3 day choice test was conducted at ICI to provide more detail- 
ed information and verify single-feeding efficacy. Pine mice trapped from 
Winchester, Va. orchards were used. The results are summarized below: 
Av. Daily Av. Daily Av . Av . Av . 
Av. Body Pre-Test Test ~ o n s u m p t . ~ ~ a ~ s  to Total Percent 4 Pine Mice Weight (g) consumpt .' PP581 EPA ~eath~~ose(m~/k~) Accept. 
10 male 25.4s.7 2.7T1.0 5.3+2.4 1.6s.8 6.05.4 31.0k12.4 75.950.1 
10 female 25.0z3.5 2.03.6 4.7s1.7 1.53.7 6.7s2.1 29.152.2 75.83.9 
----
Total Avs.25.2k2.7 2.4s.9 5.0k2.1 1.63.8 6.45.8 30.152.3 75.8210.0 
- - - - - - - - - -  . . . . . . . . . . . . . . . . . . . . . . . . . . .  
ove v u s a 1 + one tandard Devia ion) 1 - ;,Apes hefi for gdays, g?ven apples and ground chow ad lib; chow weighed 
2 - voles had choice of 2 bowls during test, one with PP581 and other EPA diet 
3 - days to death counted with beginning of test period as day 1 
4 - % accept. expresses what % of total test intake was PP581 
Three day choice tests with PP581 by Byers and Palmateer according to the 
same protocol also resulted in good acceptance and complete or near complete 
kills. Based on the LD50 studies, only 1 to 2 pellets (0.2-0.4 g) contain 
an average LD50 dose for pine and meadow voles. Therefore, good bait accep- 
tance helps ensure kills for more animals after limited feeding. 
HAND BAIT FIELD TRIALS: Trials in virginial and 1ndiana2 orchards were 
conducted during the dormant season with various anticoagulants. Results 
(Bvers. OD cit and un~ublished) are summarized below: 
Brodifacoum (PP581) Chlorophacinone Diphacinone 
Species rate kill* rate kill* rate kill* 
-- ---
pine1 10 lb/A 94% 10 lb/A 96% lo lblA 69% 
pine1 5 lb/A 99% 10 lb/A 93% 10 lb/A 93% 
pine1 5 lb/A 95% -Not Applied- 10 lb/A 91% 
~ e a d o w ~  12 lb/A 100% 12 lb/A 87% 12 lb/A 87% 
* - % kill inferred from reduction in voles trapped after treatment in 
comparison with trapping in control plots 
Similar field trials have been conducted in Romney WV by Mr Dick Whiteman 
of ICI and preliminary reports indicate effective control was achieved at 
rates comparable to the above. Based on these trials, it appears that PP581 
was as efficacious, if not more so, than existing anticoagulant vole roden- 
ticides; even when used at half the rate of existing products. The results 
also suggested that PP581 might be especially efficacious as a broadcast 
bait. 
FIELD EVALUATIONS OF BROADCAST APPLICATIONS: Dormant broadcast applications 
were conducted in virginial and 1ndiana2 orchards for various anticoagulants. 
Results (from Byers, op cit and unpublished) are summarized below: 
Brodifacoum (PP581) Chlorophacinone Diphacinone 
Species rate kill rate 
-- 
kill rate 
-- 
kill 
pine1 25 lb/A 100% 22 lb/A 96% -Not Applied- 
pine1 15 lb/A 93% 15 lb/A 66% -Not Applied- 
Meadow2 24 lb/A 93% 24 lb/A 86% 24 lb/A 74% 
While it is not suprising that meadow mice can be effectively controlled 
with PP581, the possibility of effectively controlling pine voles by 
broadcast applications of 15 lb/A or less offers a promising approach to 
practical, cost-effective control of this troublesome species. However, 
hand baiting, although more laborious, will probably continue to be demon- 
strated as more effective at lower rates for both species with PP581 than 
broadcast applications. 
As a further refinement, it might be suggested that PP581 as a liquid 
formulation, sprayed on vegetation, would be efficacious. Initial ranging 
studies indicate brodifacoum is not cost competitive by this application 
method. Such a spray, of course could also present a greater potential 
hazard to non-target organisms and the environment than use of broadcast 
baits where discrete particles are thinly distributed beneath vegetative 
cover. A spray is also potentially more hazardous than hand baiting where 
such baits are covered by a shingle or other object. 
VOLAK REGISTRATION: ICI is firmly committed to achieving a national 
registration for broadcast and hand applications of VOLAK for control 
of Microtus pests in dormant orchards. In-house supportive environmental 
and toxicological studies have already been scheduled or initiated in the 
US and at ICI headquarters in the UK. Residue determinations for this 
compound are also being developed. Although modified VOLAK formulations 
and additional application techniques will be evaluated in the lab and in 
preliminary field trials in the months ahead, the current VOLAK formulation 
(50 ppm pellet) as tested in the studies reported herein, appears suitably 
efficacious for advanced field testing. It has therefore been decided to 
pursue field evaluations of VOW< in additional regions of the country 
and against other species. ICI has submitted a reque$t to EPA for an 
Experimental Use Permit for VOLAK to allow larger-scale field evaluations 
in several states during 1978 and 1979. Based on the available data, 
several researchers (notably many of those represented in this Proceedings) 
have expressed their wiillingness to evaluate VOLAK in the field. Orchards 
in Northeastern, Southeastern, Midwestern and Western states will be 
involved in these evaluations. 
ICI is interested in having additional qualified researchers involved in 
the VOLAK field program and would welcome a response or inquiry from any 
interested party. Field protocols for different species have been develop- 
ed which should help allow for comparison of results from trials in 
different parts of the country. Full national registration of VOLAK will 
take some time, especially due to the effort required to generate the 
detailed toxicological and environmental data as required by EPA. In the 
interum, selected researchers and growers will have access to VOLAK as 
an experimental compound. Once registration of the similar commensal 
product (TALON) is achieved, it is possible that VOLAK could be made more 
quickly available to growers on a regional basis under the provisions of 
section 24C of FIFRA, if a special need for the compound could be adequate- 
ly documented and presented. 
FIVE YEARS OF CONTROLLING MEADOW AND 
PINE VOLE WITH RAMIK BROWN 
J. G. Connell and W. B. 0 '  Neal 
Ve l s i co l  Chemical Corp. 
Chicago, I L  60611 
Tes t i ng  of  Ramik f o r  c o n t r o l  o f  o rchard  mice was begun i n  1972 i n  
New York. By 1974 t h e r e  were many t e s t  l o c a t i o n s  a l l  over  t h e  Northeast,  
and by 1975 t e s t s  were conducted a l l  over  t h e  count ry .  Ana lyz ing t h e  
r e s u l t s  o f  some o f  t h e  e a r l y  t e s t i n g  suggested some re f inements  o f  
a p p l i c a t i o n  technique and fo rmu la t i on .  These changes were made t o  b e t t e r  
adapt Ramik t o  t h e  cond i t i ons  found i n  t he  orchard,  and t o  make i t  more 
a t t r a c t i v e  t o  t h e  vo les .  Some o f  t he  parameters examined a re  o u t l i n e d  
be1 ow: 
1. B a i t  f l a v o r  
2. Weather e f f e c t s  on t h e  b a i t  
3. P e l l e t  s i z e  
4. Tox icant  concen t ra t i on  
5. Method o f  placement 
a. B a i t  s t a t i o n s  
b. Hand placement vs. machine appl  i c a t i o n  
c. T r a i l  b u i l d e r  a p p l i c a t i o n  
d. Band vs. broadcast t rea tments  
e. A e r i a l  vs. ground a p p l i c a t i o n  
6. Timing o f  a p p l i c a t i o n  
By 1975, t h e  r e f i n i n g  o f  Rami k  Brown was complete w i t h  0.005% 
diphacinone i n  an app le  f l avo red ,  weather r e s i s t a n t ,  3/16 X 3/16 inch, 
ex t ruded p e l l e t .  Optimum placement va r i es  w i t h  t h e  vo le  species and 
i s  s t i l l  n o t  comple te ly  agreed upon. For p ine  vole,  placement i n  t he  
a c t i v e  v o l e  t unne l s  i s  g e n e r a l l y  most s a t i s f a c t o r y  b u t  some researchers 
have shown good r e s u l t s  w i t h  broadcast,  band, o r  t r a i l  b u i l d e r  a p p l i -  
ca t i ons .  Meadow vo le  c o n t r o l  has g e n e r a l l y  been w i t h  t h e  broadcast o r  
band appl  i c a t i o n s  . 
Several o f  t h e  above parameters, p l u s  t h e  e f f e c t  o f  d i f f e r e n t  
r a t e s  of p roduc t  pe r  acre,  were compi led f rom t h e  many l o c a t i o n s  where 
they were t e s t e d  and a re  presented below. A l l  r a t e s  were converted t o  
a  broadcast pe r  a c r e  bas i s  f o r  u n i f o r m i t y .  Cont ro l  i s  expressed as a  
mean percent  c o n t r o l  based on t h e  change i n  vo le  captures  o r  a c t i v i t y  
f rom pre- t reatment  t o  post - t rea tment  mon i to r i ng  f o r  i n d i v i d u a l  t r e a t -  
ments, and a r e  ad jus ted  f o r  changes i n  t h e  un t rea ted  c o n t r o l  p l o t .  
Pine vo le  c o n t r o l  w i t h  Ramik Brown has been t e s t e d  a t  20 l o c a t i o n s  
i n  t h e  Nor theast  a t  f o u r  r a t e s  o f  p roduct  per  acre.  These l o c a t i o n s  
were i n  V i r g i n i a ,  West V i r g i n i a ,  Pennsylvania, New York, Connect icu t  and 
Massachusetts. The mean p e r  cen t  c o n t r o l  ob ta ined w i t h  t h r e e  r a t e s  o f  
Ramik Brown (Table I ) ,  i n d i c a t e s  o n l y  f a i r  c o n t r o l  ob ta ined w i t h  s i n g l e  
a p p l i c a t i o n s ,  w h i l e  t h e  two a p p l i c a t i o n s  o f  10 pounds o f  Ramik Brown 
pe r  ac re  gave good c o n t r o l .  
Table 1: Cont ro l  o f  p i ne  vo le  w i t h  Ramik Brown hand p laced i n t o  a c t i v e  
v o l e  tunne ls .  
Pounds o f  p roduc t  Mean Number o f  Test 
pe r  ac re  % Cont ro l  Locat ions 
10 + 10  85 9  
10 68 18 
20 72 7  
Cont ro l  o f  meadow v o l e  w i t h  Rami k  Brown appears t o  be approximate- 
l y  10% b e t t e r  than t h e  c o n t r o l  o f  p i n e  v o l e  a t  comparable r a t e s  (Table 
2 ) .  Again, o n l y  t h r e e  r a t e s  a re  compared o u t  o f  f i v e  t e s t e d  i n  over  
25 l o c a t i o n s  i n  t h e  s t a t e s  o f  Connect icut ,  Massachusetts, New York, 
Pennsylvania, V i r g i n i a ,  West V i r g i n i a ,  Ohio, Michigan, Oregon and 
Washington. As i n  t h e  p i n e  v o l e  t e s t ,  t h e  s i n g l e  a p p l i c a t i o n s  were 
l e s s  e f f i c a c i o u s  than two a p p l i c a t i o n s  spaced approx imate ly  t h ree  weeks 
apa r t .  For c o n t r o l  o f  e i t h e r  species o f  voles,  t he  20 pound pe r  acre  
r a t e  appeared t o  have no advantage over  t h e  10 pound pe r  acre  r a t e  when 
a p p l i e d  o n l y  once i n  a  season. 
Table 2: Cont ro l  o f  meadow v o l e  w i t h  Rami k  Brown a p p l i e d  t o  orchards.  
Pounds o f  p roduc t  Mean Number o f  Test 
pe r  ac re  % Cont ro l  Locat ions  
10 + 10 9 3  13 
10 75 2 1 
20 78 6  
The s tandard  t reatment  f o r  meadow vo le  c o n t r o l  i n  many s t a t e s  i s  
z i n c  phosphide-treated, cracked corn.  Comparison o f  t he  e f f i c a c y  o f  
t h a t  t r ea tmen t  t o  Ramik Brown (Tab le  3) i n d i c a t e s  t h a t ,  i n  s i x  l oca -  
t i o n s  i n  t h e  Nor theast ,  where d i r e c t  comparisons were made, Ramik Brown 
p rov ided  c o n t r o l  w h i l e  z i n c  phosph ide- t reated cracked co rn  d i d  no t .  
Table 3: Comparison o f  Ramik Brown w i t h  z i n c  phosphide (2%) on cracked 
co rn  f o r  meadow v o l e  c o n t r o l  i n  orchards.  
Pounds o f  p roduc t  Mean % Cont ro l  Mean % Cont ro l  
p e r  acre  w i t h  Ramik Brown w i t h  z i n c  phosphide 
10 + 10  (1 ) "  82 1  
6.7 t o  10  (6)  72 17 
* Number i n  ( ) i s  t h e  number o f  t e s t  l o c a t i o n s .  
To i l l u s t r a t e  f l e x i b i l i t y  i n  methods o f  a p p l i c a t i o n  o f  Rami k  
Brown f o r  c o n t r o l  o f  meadow vo le ;  t h r e e  r a t e s  o f  Ramik Brown a re  com- 
pared w i t h  t h r e e  a p p l i c a t i o n s  methods i n  Table 4. There was no appar- 
e n t  d i f f e r e n c e  between e i t h e r  ground o r  a e r i a l  broadcast a p p l i c a t i o n s  
o f  t h e  b a i t .  There a l s o  was no apparent d i f f e r e n c e  between broadcast 
t rea tments  and t h e  same amount o f  Ramik Brown a p p l i e d  i n  a  band under 
t he  d r i p l i n e  o f  t r e e  rows. The band t reatments  concent ra te  t he  b a i t  
i n t o  t h e  area o f  g r e a t e s t  vo le  a c t i v i t y .  
Table 4: Comparison o f  a p p l i c a t i o n  methods f o r  meadow vo le  c o n t r o l  
w i t h  Rami k  Brown a p p l i e d  t o  orchards.  
Pounds p roduc t  Broadcast 
Band Ground 
-+?SF- 9 m ) *  B - 7 7  A e r i a l  m 
10 77 (8 )  68 ( 8 )  81 (4 )  
* Number i n  ( ) represents  t h e  number o f  l o c a t i o n s  t h a t  r a t e  and 
a p p l i c a t i o n  method were used. 
Ramik Brown has been found t o  be an e f f e c t i v e  r o d e n t i c i d e  f o r  
c o n t r o l  o f  o rchard  voles,  i n  ex tens i ve  t e s t i n g ,  under many cond i t i ons .  
Two a p p l i c a t i o n s ,  a t  approx imate ly  t h ree  week i n t e r v a l s ,  have prov ided 
t h e  bes t  c o n t r o l  o f  bo th  meadow and p ine  vo le ,  b u t  s i n g l e  a p p l i c a t i o n s  
have a l s o  been e f f e c t i v e .  Increased r a t e s  o f  Ramik Brown a t  a  s i n g l e  
a p p l i c a t i o n  have n o t  no rma l l y  increased c o n t r o l .  Ramik Brown has pro-  
v ided b e t t e r  c o n t r o l  o f  meadow v o l e  than d i d  z i n c  phosphide, i n  a l l  
l o c a t i o n s  where d i r e c t  comparisons were made. A e r i a l  and ground a p p l i -  
c a t i o n s  o f  Ramik Brown f o r  meadow vo le  c o n t r o l  have r e s u l t e d  i n  no 
apparent d i f f e r e n c e .  
AN UPDATE ON ROZOL FOR ORCHARD MOUSE CONTROL 
Sol Pitchon 
Chempar Chemical Co., Inc. 
260 Madison Avenue 
New York, New York 10016 
ROZOL continues its advance in establishing itself 
as a reliable product for controlling orchard mice. 
ROZOL GROUND SPRAY CONCENTRATE is still the only 
alternative to Endrin, not only from the persistence point of 
view, but for its effectiveness. Environmentally, ROZOL 
GROUND SPRAY CONCENTRATE is proving to be a desirable product 
because shclrtly after it controls the mice, it degrades into 
non-toxic metabolites, thus lacking the residue problems that 
exist with Endrin. 
Furthermore, mouse resistance to Endrin has developed 
after many years of orchard use. Clear field data has estab- 
lished that ROZOL GROUND SPRAY CONCENTRATE is more effective 
than Endrin in these area. Besides - higher Endrin dosages, 
in spite of their increased environmental hazard, have not 
resulted in higher control. 
Endrin also poses other problems, such as toxicity to 
non-target species, particularly fish. No such accidents 
have been known to be caused by ROZOL. 
Whenever a certain amount of adequate vegetation 
exists, and when properly applied according to label direc- 
tions, ROZOL should prove effective after a single 
application with the corresponding savings in time and labor. 
Various agencies of the Federal government have 
encouraged us to complete the research necessary to secure 
EPA registration. Unfortunately, radioactive tests with 
C14 required by EPA to prove the fate of ROZOL after it has 
been sprayed have taken a long time, but hopefully, they will 
be concluded in the early part of this year. I am sure that 
EPA will be pleased to learn that ROZOL GROUND SPRAY CONCEN- 
TRATE is biodegradable ar;d that it constitutes a valuable 
alternative to Endrin. 
Meanwhile, ROZOL GROUND SPRAY CONCENTRATE is still 
available under most State labels. 
;iOZOL is also available in tile fc'rm of a PARAFFINIZED 
PELLET which I am sure most of the growers have used by now. 
It has been giving excellent results both against pine voles 
and meadow voles, and is available also in most states for 
the control of both rodents. 
EPA registration for these pellets is also being 
pursued and hopefully should be granted during the course 
of the year. 
We feel gratified by the excellent reception that 
ROZOL has been granted by industry, and we are encouraged 
to continue adapting the product to give utmost performance 
in controlling orchard mice. 
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